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FOREWORD 


This report presents the final resulta of one of the 46 projecte comprising the military-effect 
program of Operation Piumbbob, which included 24 teat detonations at the Nevada Test Site in 
1957. 

For overall Piumbbobd militery-effects information, the reader is referred to the “Summary 
Report of the Director, DOD Test Group (Programs 1-—9),” ITR—1445, which includes: (1) a 
description of each detonation, including gield, zero-point location and environment, wpe of de- 
vice, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a summary 
of the objectives and results of each project; and (4) a listing of project reports for the military- 
effect program. 


ABSTRACT 


The objective of the project was to investigate the behavior of pressure-activated antitank mines 
under air-biast loading from a nuclear detonation. Of particular interest were the reliability of 
current methods for predicting probability of land-mine actuation from nuclear detonations, the 
effect of burial depth on mine actuation, and the effect of sympathetic actuation in extending the 
range of mine clearance. In addition, a study was initiated to determine if special methods were 
needed for prediction of mine actuation at particular ranges of transition in the pressure-wave 
shape. 

Fifteen mine types, both United States and foreign, were employed. Test results indicated: 
(1) the procedures for predicting mine actuation under nuclear detonations were reasonably 
accurate; (2) in the tive mine fields, sympathetic actuation occurred among mine®; (3) the re- 
sponse of the Universai Iudicalur Mines (UIM) increased with burial depths to a maximum value 
between 6 and 9 inches; and (4) the reliability of the actuation curves can be improved by labora- 
tory teating of adequate sampling of mines. 

Included within the project were four subprojects conducted by or for Picatinny Arsenal, 
Diamond Ordnance Fuze Laboratories (DOFL), Chemical Warfare Laboratory (CWL}, and the 
United Kingdom. 

The purpose of the study by Picatinny Arsena' was to evaluate the effectiveness of two experi- 
mental actuaiion devices, High Hat and Partner, in providing pressure-actuated mines with pro- 
tection against blast eftects of nuclear detonations. It was concluded that High Hat provided 
significantly improved resistance to clearance and warranted further development. Although 
Partner worked weli at high overpressure, it was concluded that the value of the design was 
questionabl2 at pressures les. than 16 psi. 

Cheinical Wartare Laboratory attempted to determine qualitatively the ground contamination 
pattern produced by E-5 land mines detonated by a nuclear blast. Two mines were detonated by 
Shot Priscilla. Preliminary inspection showed that the contaminant was spread to a distance of 
° yards frum the mine detonation. Analysis indicated a difference in the distribution of ground 
contamination patterns between mines detonated by the nuciear blast and those detonated individ- 
ually prior to the test. Dust storms that followed the explosion may have been responsible for 
the observed difference. 

A special program was instituted to test four British mines under conditions specified by 
British authorities. The objective was to supplement current British data on the behavior of 
these mines under nuclear-blast loading. A cursory examination was made after the blast to 
determine: (1) displacement of mine by blast, (2) damage to the mine body, and (3) functioning 
of the fuzea. Analysis will be performed by the British and the results determined are not a 
part of this test program nor are such results expecied to be available. 
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Chopter | 
INTRODUCTION 


1.1 OBJECTIVE 

The objective of this - roject was to investigate the behavior of pressure-activated antitank 
mines under air-blast loading from a nuclear detonation. To represent the various actuation 
systems, mines from the United States and from NATO and other foreign naticns were used. 
The aspecta of particular interest in the investigation were: (1) reliability of current methods 
for predicting the probability of land mine detonation from nuclear detonationa, (2) effects of 
depth of burial upon the actuation of the mines, (3) effect of sympathetic actuation in extending 
the radius of clearance, and (4) percentage of mines actuated by the explosion. In addition, it 
was expected to determine if special methods for predicting mine actuation would be needed at 
particular ranges where transitions in the pressure wave shape occurred. 

Picatinny Arsenal investigated the effectiveness of two experimental designs in providing 
pressure-actuated mines with protection against nuclear blast effects. The two design= were 
code-named High Hat and Partner. 

Diamond Ordnance Fuze Laboratories (DOFL) investigated the vulnerability of three types of 
antitank influence mine fuzes subjected to nuclear detonation. 


Chemical Warfare Laboratory ““WL) investigated the ground rontcinination pattern produced 
by E-5 chemical land mines which had been detonated by a nuclear detonation. 

A special investigation was conducted for the United Kingdom to investigaic the behavior of 
three types of British antitank mines and one British antipersonnel mine und-~7 vlest loading 
from a nuclear weapon. 


1.2 BACKGROUND 
Minefield clearance projects were conducted in three previous operations at the NTS. 


1.2.1 Operation Buster, Project 3.5, October 1951 (Reference 1). Universal Indicator Mines 
(UIM) were employed at 0 and 6 inches of burial. It wae found that readings from the UIM were 
greater at 6 inches of burial than at 0 inches of burial. This was in contradiction to high- 
explosive tests, where there was a reduction in UIM readings as the depth of burial increased. 
It was also found that scaling techniques for UIM readings developed for high-explosive tests 
were not adequate for atomic explosions and renvired modification. The radius of mine clear- 
ance was not as large as expected, due to an unexyiained skip effect. It was also determined 
that weapons detonated al heights (in feet) greater than torce times the cube root of the yieid 
(in pounds) were not effective for minefield clearance. 


1.2.2 Operation Snapper, Project 3.4, April 1952 (Reference 2). The test was designed to 
study the unexplained phenomena of skip effect and the increase in mine actuation with burtal 
depth found during the Buster test. The tw: effects were again observed. The shape of the ini- 
tial portion of the pressure wave and the slow rise to peak pressure were proposed as possible 
answers to the skip phenomenon. The increase in mine actuation with depth of burial down to 
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6 inches was thought to be caused by the shape of the incident pressure pulse and an extraneous 
surface effect. It was estimated that for optimum or near-optimum range of clearance, a weap- 
on should be detor«ted at a height (in feet) equal to the cube root of the yield (in pounds). 


1.2.3 Operation Upshot-Knothole, Project 3.18, March 1953 (Reference 3). Live mines were 
tested for the first time under a nuclear explosion. The M-15, M-6, M-14, and the UIM were 
empluyed, The skip effect and increase in actuacion with depth of burial were again cbserved; 
however, the increase in pressure-plate deflection or mine actuation with depth was considered 
insignificant down to about 6 inches of burial, and beyond that depth deflection (or actuation) de- 
creased. The first quantitative explanation that might account for part of the above phenomena 
was given. It was theoretically shown that if the pressure wave has a gradual rise to its maxi- 
mum value, an increase in presaure-plate deflection can occur with an increase in burial depth. 
It was shown, also, that for the long preasure rise time, normal in nuclear blasts, static con- 
siderations should govern prediction cf the activation of mines. The static response of mines 
to nuclear blasts is generally less than the mine response under dynamic high-explosive loading, 
the probable reason for the phenormenon formerly referred to as the skip effect. The live-mine- 
field data showed that sympathetic actuation increased the range of mine clearance for M-6 
mines. Sympathetic actuation or blast-induced actuation is the actuation of a mine caused by 
the explosion of another mine. In a nuclear detonation, the blast of a mine explosion may rein- 
force the basic pressure pulse and cause a greater percentage of actuation of adjacent mines. 


1.3 WAVE THEORY AND LABORATORY ANALYSIS 


To determine the effects of blact on pressure-activated mines, consideration has been given 
tu both the variations of the shock pulse and the theory of mine actuation. 


1.3.1 The Precursor Wave. The precursor wave phenomenon can have an important effect 
on the clearance of mines by blast. One of the essential differences Letween bigh-explosive and 
nuclear explosions is the tremendous thermal radiation associated with nuclear detonations. 
When the thermal radiation reaches the ground surface, a heated layer is formed at the earth’s 
surface. This layer is composed of air and dust particles whcse resultant density is consider - 
ably higher than the density of alr. This layer is formed prior to the arrival of the shock at the 
ground-air interface. It is believed that this results in a higher particle velocity in this medium. 


Therefore, after reflection, a pressure wave (known as the precursor) travels along the ground 
ahead of the main shock. The succession of the two pulses results in a total pressure pulse of 
long duration with a long rise time to the peak pressure. Since some of the initial energy of the 
shock has been utilized in the creation of the precursor, the peak pressure is less than would 
have been expected from a free air shock at comparable ranges. The passage of this long- 
duration wave of slow risa time causes the mines to react as though undergoing static compres- 
sion, rather than loading from a step impulse. This type of behavior is experienced until the 
main shock catches the precursor and the two merge into a single sharp shock front. In this 
latter region, the mines react as though struck by a suddenly applied load. 


1.3.2 Laboratory Analysis and Mine-Actuation Theory, To evaluate mine behavior under 
blast-pressure loading, a contract was initiated by the Corps vf Engineers with Midwest Research 
Institute. The objectives cf this contract were to obtain extensive data on the characteristics of 
pressure-activated land mines under both static and dynamic loading and to develop a reliable 
theory to predict pressure-type mine actuation under varying conditions of loading, depth of 
burial, and type of soil (Reference 4). Que of the simplest theories developed for mine actuation 
was to simulate the mine with a linear one-degree-of-freedom maas-spring system. In this 
analogy, the pressure plate was the mass, and the spring force of the pressure plate was the 
resisting force that was proportional to the displacement of the mass. In general, the loading 
force on the mine was suddenly applied; however, tne theory was extended to give resuita with 
a gradually applied loading force. Procedures were developed for linearization of the actual 
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non-linear pressure-plate spring “orce. The mine body was assumed rigid, and no considera- 
tion was given to soil elasticity under the mine. Consideration of the soil over the mine could 
ve taken into account by the addition to the mass o] the presasure-plate of a pertion of the mass 
of the soil over the preseure-plate. The theory was developed primarily for long-duration (50 
to 109 meec) pressure pulses of low amplitude (10 to 30 psi). 

A comparison of the above theory with experimental data from a dynamic mine-loading device 
indicated that the theory predicted true mine-actuation pressures within 30 percent for a number 
of the mine types (TMi-43, UIM, M-15, TMDB, TM-41). This theory, in conjunction with the 
aata on static mine characteristics, served as a basis for determining the overpressures at 
which the mines were to be placed. 

Other, more-elaborate theories were developed to include the mass of the mine body, elastic- 
ity of the soil under the mine, and the behavior of the soil over the pressure plaie. Detailed 
analvsis of these theories is tv be found in Reference 4. 
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Chopter 2 
PROCEDURE 


2.1 SHOT PARTICIPATION 


The mine-field clearance test was conducted during Shot Priscilla in Frenchman Fiat at the 
NTS. The device nad a yield of 36,6 kt and was fired from a 700-foot balloon (1.67 times the 
cube root of the yield in pounds). 


2.2 INSTRUMENTATION 


A Ballistics Research Laooratories (BRL) seif-recording pressure-time gage was placed in 
the center of each live mine field. Similar gages were placed at the beginning of the arc on the 
inert side of the mine field (Figure 2.1). It was anticipated that a comparison of any two records 
al the same ground distance would show the extent to which the pressure pulse from the detona- 
tion of live mines reinforced the basic nuclear pressure pulse. In addition, three special 
pressure-time gages, mounted in conveutional M-15 mine cases, were buried with 9, 12, and 
38 inches of cover at 1.250 feet from ground zero to test the gage performance and to supplement 
other pressure-time records. 

Waterways Experiment Station (WES), under the auspices of Project 3.8, took random soil 
samples in Frenchman Flat of undisturbed soil and found good homogeneity down to depths of 
at least 4 feet. In addition, eleven samples of disturbed soil were taken at depths of from 3 to 
36 inches. These samples were obtained from shafts which had been drilled and refilled, there- 
Ly simulating the actual procedure ci minc Durial. ach of the samples was analyzed to deter- 
mine the density, water content, and modulus of deformation. 


2.3 TEST ITEMS 


The following mines were used in the test: 


Origin Type Figure 
USA M-15 2.2 
M-19 2.3 
UM 2.4 
Danish M/47-1 2.5 
M/47-I1 2.6 
M/52 2.7 
Italian CC-48 2.8 
C8-42/3 2.9 
SACI 2,10 
USSR TMD-B 2.11 
TM-41 2.12 
Belgian PRB-ND-49 2,13 
German TMi-43 2.1° 
French Model 19! 1 2.07 
British Mark VO 2.15 
16 
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Figure 2.1 Layout of pressure-time gage stations. 


Figure 2.2 USA, M-15. 
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Figure 2.4 USA, UIM. 


Figure 2.3 USA, M-19. 
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Figure 2.6 Danieh, M/47-II. 


Figure 2.5 Danish, M/47-I. 


Figure 2.8 Italian, CC-48. 


Pigure 2.7 Dasish, M/52. 
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Figure 2.10 Italian, SACI. 


Figure 2.9 Italian, CS-42/3. 
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2.4 PLACEMENT 


Estimated overpressures for the various probabilities of actuation are presented in Table 2.1. 
Predicted overpressures as a function of range were taken from the official test predictions 
(Figure 2.17). Probabilities of actuation ware obtained from a statistical analysis of laboratory 
tests (Reference 4). Pressures for the location of mine fields to obtain 10, 50, and 90 percent 
probability of actuation were determined by combining this laboratory information with the pre- 
dicted ranges. From the pretest predictions of the wave forms and the predicted pressures, it 
appeared that the precursor would play a significant role in mine actuation to approximately 
4,000 feet from grcund zero. Thia meant that since the natural periods of the mines were short 
compared to the predicted rise tinie of the atomic blast, static actuation pressures should be 
used to determine the ranges at which most of the mines should be placed. The one exception 
to this rule wa - the M-19 mine which was planted in fields determined by its reaponse to dynamic 
actuation pressures. Bevause limited infurmation on actuation pressures for the M-10 was avail- 
able, it was placed in fields in and on both sides of the estimated transition region (from a wave 
of slow rise time to a sha:tp shock). These considerations, covpled with the availability of the 
mines, led to the decision to place the M-19 in five fields covering a greater range of pressures. 


Figure 2.14 British, Mark VI. 


2.8 LAYOUT 
The project layout is shown in Figure 2.18, 


2.5.1 luert and Live Mine Fields. Mines in both the inert and live fields were buried with 
6 4¥, Inches of soll cover. Placement holes were drilled by an earth auger with a 20-inch diam- 
eter bit. The placemen: pattern for each type of mine i: the wert mine fields is shown in Figure 
2.19. Inert models cf the M-52, PRB-ND-49 ani M/47-I1 mines were equipped with live detona- 
torg, since inert detonators were not available for these mines, 

The live mine-field pattern \s shown in Figure !.20. Care was taken in the spacing of the 
live mine fields (t.e., the spacing between wach field) so that the cffects of sympathetic detona- 
tton, or actuation, would be confined within each field. The British Mark Vil mine, which nor- 
tally requires two pressure pulses fcr actuation, was mechanically armed when placed ina live 
minn Held so that a single presaure pulse could detonate the mine. Thie arming was necessary 
&inve no recovery of live mines not deton: ted by the nuclear blast was to be made and tharefore 
it would not be possible to determing Uf the fure had received sufficient pressure to arm the mine 
if actwation did not occur. 


2.5.2 Depth ¢’ Surial in Mine Fields. Lepth of burial is defined as the amount of cover over 
the pressure pi: . of the mine. The UIM uni TMi-43 mines were used in the depth-or-burial 
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investigation. The static pressure required to activate the TMi-43 mine ranged from 39.2 psi 
for 1-percent detonation to 52.4 psi for 99-percent detonation. Previous work indicated that 
there was good correlation between UIM readings and predictions of TMi-43 mine activation. 
Layout of a typical depth of burial fleld is shown in Figure 2.21. The UIM fields were placed at 
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Figure 2.21 Layout, depth of burial. 


ranges where overpressures of 5, 8, 10, 15, 21, 30, 40, 50, and 60 psi were predicted; two 
fields each of TMi-43 mines were placed at 40, 50, and 60 psi ranges. A complete description 
of the operation of the UIM is included in previous test reports (References 1, 2, and 3). Labora- 
tury analysis by Midwest Resea.ch institute indicated that the gap between the bottom of the pres- 
sure plate and the top of the fuze was a vital factor in aetermining the force for actuation. This 
information, coupled with the fact that the indicator readings in the region of 0 to 10 mils were 
of questionable reliability, led to a decision to increase the accuracy of measuring the response 
of the UIM in the lower pressure regions. Accuracy was increased by the setting of the indicator 
pin to within 2 mils from the under side of the pressure plate. Under taese conditions, the de- 
flection of the pressure plate could be measured when the detlection waa iegs than 60 mils. The 
setting was not made at ranges and depths where it was believed that ihe deflection would exceed 
60 mils. 

For the same reasons, the gaps were alec measured for all TMi-43 mines before placement. 


2.5.3 Change from a Static toa Dynam- Pressure Pulse. In order to better determine the 
region where the main shock overtakes the precursor and the steep-fronted shock begins — (that 
is, where ioading changes from static to “ynamic), five ULM’s were piaced every 4° feet from 
3,000 tc 5,320 feet from ground zero all with 6 inches of earth cover (Figure 2.18). it was ex- 
pected that the range of placement would provide indicator readings over this transition region. 
The ranges of 3,240 and 3,280 feet were omitted since there was already » UIM field at 3,250 
feet from ground zero. On all these mines, the gap was set at 2 mils. 


2.6 MINE-FIELD CLEARANCE PROCEDURES 


Before each live nine was pianted, a ¥,-pound charge of TNT, wrapped with detonating cord, 
was placed in the bottom of the hole. The detonating cord was placed in a 6-inch trench as shown 
in Figure 2.20. This p:ovided a means of detonating any live mines that had not been actuated by 
the nuclear blast. Acrial photographs were taken of the entire mine-fieid area just prior to and 
just after the nuclear expicsion, The pretest photugraph was to be used for comparison with 
poatsbot phctogr=pha and fer postehot recovery orientation. Oil drums filled with soil were 
placed at the corners of the Sields ‘or ficucial markers, 
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Chepter 3 
RESULTS and DISCUSSION 


The mine test results were satisfactory. Useful actuation data were obtained for most of the 
live and inert mines. The UIM and TMi-43 mines gave pertinent data concerning variation of 
mine behavior with depth of burial. 


3.1 INSTRUMENTATION 


3.1.1 Air-Blast Measurements. Of the 56 pressure-time records desired, only 28 complete 
records were obtained. Nineteen records presented only peak overpressure; six records were 
only partially complete; no records were obtained at three stations. Of the peak-pressure rec- 
ards, three were from peak-preassure gages. Pre-activation and gage malfunction, the causes 
of which are discussed in References 7 and 8, were factors which contributed to the loss of 
records. 

For the special pressure-time gages mounted in M-15 mine cases placed at a range of 1,250 
feet (actual overpressure of 76 psi), two of the three records were destroyed when the mine 
casing was crushed, The third record (Figure 3.1) served as a source of information for the 
pressure on a mine at a burial depth of 36 inches. It is believed that had a filler been placed 
in the air pocket around the gage, crushing would not have occurred. 

Pressure results are compiled in Table 3.1. The graph in Figure 3.2 shows the predicted 
and experimental curves of peak overpressure versus range. The experimental curve was based 
on the results obtained from the gages on the inert side of the mine field and datafror her 
projects. Figure 3,3 shows preseure-time records taken from stations where compl: wesfure- 
time histories were recorded. 

The aniplitude scale of the pressure-time record can be estimated from the peak pressure 
tabulated in Table 3.1. The time scale is approximately 62.5 msec/in for gages at Stations 1A, 
2A, and 3A, and approximately 200 msec/in at all other stations. 


3.1.2 Soil Calibration. Results from the various soil tests are shown in Table 3.2. Reference 
5 gives additional details or. soil measurements. 


3.2 INERT AND LIVE MINE FIELDS 


Results from the live and inert fields, along with actual overpressures and probability levels 
of actuation, are presented in Table 3.3, The data on each field are contained in Appendix E. 
Figure 3.4 is a postshot aerial photograph of the mine field area. It shows the general condition 
of the entire field. ‘Che craters pictured on the photograph indicate the number of live-mine 
detonations. This information was useful in planning recovery procedures. 


3,2,1 Determination of Cumulative Probability Distributions. Air blast records show that 
the precursor in the 1,370 to 3,250-foot range had a reasonably sharp rise with the time to peak 
varying between 3 and 24 msec. The one-degree-of-freedom theory with a gradually applied 
luad (Reference 4) indicates that for these rise times, most of the mines chould respond with a 
pressure plate deflection greater than the deflection for a static load of the same amplitude. In 
other words, the mine response to the precursor is between purely atatic and totally dynamic. 
Ags a result, the peak pressure of the precursor necessary for actuation would be leas than the 
static actuation pressure. The records did indicate that the precursor wags sometimes respon- 


(Text continued on Page 34) 
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Figure 3.1 Pressure record, mine pressure gage. 
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Figure 3.2 Overpressure ersus ground range. 
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Figure 3.3 Pressure records. 
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Figure 3.3 Continued. 
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Figure 3.3 Continued. 
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Figure 3.3 Cor cinued. 
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Figur 3.3 Continued. 
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Fiyure 3.40 Postsoot aerial photograph, 
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TABLE 3.1 AIR-BLAST MEASUREMENTS 


Predicted Recordes Percent of 


Fressure Range Peak Pesk sed — Mines Remarke 
SE a pnts Gierpreumte ce 
psi psi 
1A 1,250 60 16 None _- Precursor incomplete 
2a 2,970 50 60.5 None _ 
23 _ — 83.7 1951 80 Peek pressure only 
3A 1,800 40 43.6 None = 
3B _ _ 43.0 1961 80 Perk prescure only 
A 1,400 36 33.3 None _ Peak preasura only 
4B - _ 98.7 C8-42/3 90 Peak preseure only 
5A 4,720 30 28.8 None _ 
8B _ _ Li Mark VII 10 Main shock off scale 
8c _ _ 14.4 SACI 30 Matin shock off seale 
6A 1,080 26 20.6 None —_ 
$B ~ _- 12.9 1981 4 Peak pressure only 
sc _— _ _— M/47-1 100 No record 
8D _ 33 3 Mark Yi! 0 
8E 1,086 25 27.0 CC-48 40 Preactivated 
6¥ _ 16.4 C8-42/3 10 Preactivated 
TA 1,900 21 16.9 None —_ 
7B _— _ 17.8 Mark VII 9 
riot _ - 17.8 M/47-1 $0 
7D _- _ 16.1 TM-41 10 
7E ~ _- 16.2 TMD-3 10 
TF _ ~ 26.9 SACI 10 Partial Racord 
0A 2,120 ue te None _~ Preactivated 
68 _ - 13.7 CC-48 10 
6c _- ~ 18.6 M/47-1 10 Preactivated 
6D -— _ IA Th-41 0 
sz ~~ _ 147 TMD-B 20 
er _ _ 18.6 Cu-42/3 20 Preactivated 
40 _ _ 18.2 PRB-ND-49 100 
fA 7,26 15 10.4 None _ 
oR - _ 12.6 PRE-ND-48 70 
x 2,290 15 a6 M/47-11 60 
9D - aad 14.7 ws /62 14.7 Preactivated 
SE == - 10,6 TM-41 9 
oF — - 10.6 TMD-8 10.6 
br] ~ ~ 14,7 SAC! 9 Proactivated 
10A 2,026 12 10.9 Nore _ 
108 _ _ 11.3 M-1B C) Presctivated 
10C _— ad 9.4 PRB-ND-46 0 T resetiveted 
4D _ — 10.4 M/47-11 70 
10E — - _ M/82 90 No Record 
10P _ _ 90 cc-48 e 
1A 2,720 to 87 None _ 
1B — _~ $1 M-15 o 
ic _ _ 10.4 M-19 70 Preactivated 
hE) — _ 10.7 M/47-1t 10 
1E - _ 9.2 M/62 
12A 2,870 i) 10.0 None -- Peak pressure gage used 
128 ~~ _ 9.0 M-19 49 Peak prescvre gage used 
413A 3,286 6 at None > 
138 _ _ 9.7 M-18 9 breactivated 
13 —_ _ 18.8 M~-lt $0 
14A 4,830 a6 ~ None _ No record 
4B —_ _ 9.8 M-19 100 Peak pressure gage used 
1bA 6,330 6 64 hone _ Preactivated 
138 _ = 10.7 M-19 100 Motor did noi run 
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sibie for actuating some of the mines. i. the unusual soil conditions found in Frenchman Lake, 
where the precursor is pronounced, the maximum pressure may occur in the precursor and 
therefore corrections should be made to the predicted static actuation pressures to adjust for 
this dynamic effect. 

Cumulative probability curves for each mine type were computed for static pressure loading 
by calculating an equivalent static pressure for the inert mine field data. On each cvrve the 
equivalent static points are plotted with the actual test points. 

The procedure for fitting a cumulative probability distributien to the test points using normal 
probability theory is as follows: 


P = Py + yo (3.1) 


Where: P = mine-field pressure 
P, = pressure for 50 percent mine actuation 
o = standard deviation of pressure 
y = probability factor 


The value of y is a function of the percentage of mines that actuated aid is obtained from normal 


TABLE 3.2 SOIL CALIBRATION 


Measurement Range Average 


Density 66.5 to 74.6 pef 69.1 pef 
Water Content 4.9 to 12,0 pet 8.2 pet 
Modulus of Deformation 

at 50 psi (disturbed soil) 685 to 927 psi 810 psi 
Modulus of Deformation 

at 100 psi (disturbed soil} 1,400 to 2,086 psi 1,755 psi 


probability tables. Values of y for various mine actuation percentages are tabulated in Table 
3.4. The principle of \cast squares was applied to tLe data to obtain a straight-line fit. 


_ by? ZP - Ov oPy 


P, =- nEy? > (Ey) (3.2) 
_ nZPy - ZPLy 
~ “phy? = (Sy)? 5:3) 


Where: n = number of mines in the field. 


Once the above two parameters have been determined, the cumulative probaoility distribution 
can be plotted with the help of Table 3.4 and Equation 3.1. Because of the small sample size and 
the questionable reliability of certain pressure measurements, the percentages of mine actuation 
observed for the test must not be interpreted as the true values. 

US M-18. The cumulative probability distribution of the M-19 mine is shown in Figure 3.5. 
Only three of the four test points were considered in determining the curve, The highest test 
point at 93.3 percens actuation was assumed to be in error and therefore discarded. 

For the 93.3 percent actuation point, the true actuation percentage will lie between 72.1 and 
99.2 percent in 99 cases out of 100. For the 48.7 percent actuation test point, the true percentage 
will fall between 24,0 and 70.6 percent. The lower limit of the 93.3 percent point does not over- 
lap the upper limit of the 46.7 percent test noint. For the true value to fall within the expectation 
limits of both simultaneousty, there must be an overlap of limits, and the probability of this 
simultaneous occurrence is the product of the two levels considered. For the two points in gues- 
tion, a higher percentage level would have to be seie:ted to obtain overlap. Since the eapectaliun 
limits of the two points at the 99 percent probability level do not overlap, the wide difference be- 
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TABLE 3.3 LIVE AND INERT MINE TEST RESULTS 


Percent Actuated 


Peak 
Mine Type Range Ac‘ual 
Sy. 5 Overpressure Live inert 
t pei* 
French 51 1,370 80.5 80 70.0 
1,500 43.6 80 60.0 
1,850 20.6 ” a 
CS-42/3 1,600 33.3 90 96.7 
1,850 20:6 bs 50.0 TABLE 3.4 ABRIDGED CUMULATIVE NORMAL 
2,120 41.6 20 60.0 PROBABILITY LISTRIBUTION 
Mark VII 1,720 28.9 20 3.3 
Bae tae ae So ae 
1,850 20.6 0 3.3 Parcent Mine Actuation y= ove 
1,990 16.0 ) ry) g 
SACI 1,726 28.9 30 oT 0.5 -2.576 
1,990 16.4 10 6.7 Lt 2.928 
2,290 10.4 0 3.3 2.8 ~1.980 
M/47-1 1,850 20.6 100 bu.0 5.0 — 1.645 
1,990 16.0 90 167 10.0 — 1.282 
2,120 11.¢ 10 26.7 16.0 4.096 
TMD-B 1,990 16.0 10 20.0 20.0 —0,842 
2,120 11.6 20 46.7 25.¢ —0.874 
2,290 10.4 10 43.3 30.0 ~0 524 
35.0 =< 0.385 
TM-12 1,990 16.0 0 79.0 
2,120 11.6 o 96.7 40.0 — 0,283 
2,290 10.4 3 63.3 46.0 0.126 
50,0 0 
CC-48 1,850 20.0 40 46.7 86.0 2.426 
2,120 11.6 1» 10,0 60.0 0.284 
2,520 10.9 0 13.3 
66.0 0.386 
PRB-ND-49 2,120 11.6 100 83,3 16.0 0.524 
2,290 10.4 70 76.7 15.0 0.674 
2,520 10.9 0 80.0 80.0 0.842 
M/52 2,290 10.4 90 86.0 65.0 1.036 
2,520 10.9 ov 00.0 90.0 1.282 
2,730 6.7 10 $3.3 9. 1.648 
M/47-11 2,290 10.4 80 46.7 97. 1.966 
2,820 16.9 10 66.7 99.0 4.348 
2,730 8.7 80 73,3 99.8 2.676 
M-15 2,820 10.9 0 ts) 
2,730 8.7 0 0 
3,250 6.7 CY) U) 
M-19 2,730 8.7 vD) 93.3 
2,870 10.0 80 63.3 
3,250 8.7 90 4.7 
4,530 t 166 106.1 
6,320 5.4 100 16.7 
* Prassure values taken from gages placed on inert side of 


minefield. 
+No record obtained 
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tween these two points would occur less than 2 percent of the tlme in a random sample. If such 
an extreme sample were encountered, an error would result in its use. Discounting the possibil- 
ity of such an extreme sampie, then one or both of the points must be in error. in view of the 
relative position of the other test points, there is a greater likelihood of the upper point being in 
error than the lower point. Therefore the nigh point was discarded as either being in error or 
coming from an extreme sample. 

US M-15. Tesi resuite of the M-15 mine (Table 3.3) show that none of the mines actuated 
from the atomic blast. Reagons predicted probability levels were not attained for t.e M-15 mine 
were twofold: (1) overpressures obtained in the test were lower than predicted, and (2) the mean 
gap on the M-15 mines used in this test was about 0.240 inch. The gap used in the static meas- 
urements on which predictions were based was only 0.306 inch. This vas discovered too late to 
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Figure 3.6 Cumulative probability distribution for US M-19 mine. 


modify the test ranges for placement (Reference 1). Indications are that with the M-15 mine an 
increase in pressure for actuation of slightly over 4 percent would be needed for every 0.020- 
inch increase in gap. For the mean gap difference of 0.134 inch applicable here, a 22-percent 
increase in actuation pressure would be expected. This shifts the probability of actuation from 
90 percent down to about 5 percent. Therefore, failure of the mines to actuate at this level ap- 
pears reasonable. 

The reason for the wide difference in mean gaps between samples employed for the static and 
atcmic tests is not known. The difference may be due to variations in manufacture between dif- 
ferent mine batches. From the available drawings of the M-15 mine, it is not possible to deter- 
mine the tolerances allowed in ita production. 

The cumulative probability distribution for the M-15 mine is shown in Figure 3.6. This curve, 
based on Student’s t-distribution for a sample size of 10, was determined from available static 
measurements and test results from the dynamic mine loading device (Reference 4). Results 
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from the atomic tests were not used although the test points are shown. The mines used in de- 
termining the curve had a mean gap of approximately 0.100 inch. Probability curves are about 
the same for dynamic and static loading conditions. Although the mine actuation pressure is 
normally lower for dynamic loading, compression of air enclosed in this mine results in a large 
initiai reactive force which cancels the dynamic effect. 

Danish M/47-I. The cumulative probability distribution for the M/47-I mine is shown 
in Figure 3.7. The curve was derived from the test data by the curve-fitting procedure already 
described. The probability that the curve should fall within expectation limits at the 99 percent 
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Figure 3.6 Cumulative probability distribution for US M-15 mine. 


level for all three pointe is about 0.97. The derived curve does fall within these expectation 
limits, but just barely so for the point of lowest pressure. 

Danish M/47-II. The cumulative probability distribution for the M/47-II mine ia shown 
in Figure 3.8. The mine behavior was not completely static as indicated by the spread between 
corrected and uncorrected test points. The test point at 10.4 psi cannot be reconciled with the 
other two test points by consideration of expectation limits for each of the points. It was assumed 
to be in error or the reault of an extreme sample and therefore not used in the analysis, Conse- 
quently, the curve was determined by the other two test points. 

Danish M-$82. The cumulative probability curve for the M-52 mine is shown in Figure 
3.9. The three test points are cluatered too closely together to expect an empirical fit to give 
satisfactory results. Thus, a reasonable value of o/ P, based on an approximate average value 
for all mines was assumed. From the assumed value of o/P, and the centroid of the teat points, 
the probabliity curve waa determined by an iteration process outlined in Reference 4. 

Italian CC-48. The cumulative p.obability curve for the CC-48 mine ie shown in Figure 
3.10, The curve was determined from the three test points by the procedure previously discussed 
for the M-19 mine. 
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Figure 3.7 Cumulative probability distribution far Danish M/47-I mine. 
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Figure 3.8 Cumulative probability distribution for Danish M/47-1 mine. 
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Figure 3.9 Cumulative probability distribution for Danish M-52 mine. 
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Italian CS-42/3. The cumulativ.< probability distribution for the Italian CS-42/3 mine is 
Shown in Figure 3.11. A probability curve was initially determined from the three test points by 
the method of least squares. However, a negative pressure was obtained at the 1-percent actua- 
tion point. Since this conditicn could not actually exist, it would appear that the o determined 
from the three test points was too high. A more-reasonable result was obtained by discarding 
the lowest pressure point and determining the probability curve from the other two points. 

Italian SACI. The cumulative probability distribution for the Italian SACI mine is shown 
in Figure 3.12, The use of all three test points in determining a probability curve gave a nega- 
tive pressure at l-percent actuation. To avoid this difficulty, the probability curve was deter~- 
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Figure 3,11 Cumulative probability distribution for Italtan CS-42/3 mine. 


mined from the two values at lowest pressure. This gaye a reasonable value for the mean pres- 
sure and standard deviation. 

Russian TMD-B. The cumulative probability distribution for the Russian TMD-B mine 
is shown in Figure 3,13, For the unusual distribution of the test points, the usual curve-fitting 
procedures would not give valid results. Hence, the curve shown was determined by assuming 
a reasonable value of o/P, and making the curve pass through the centroid of the test points. 

Russian TM-41. The cumulative probability distribution for the Russian TM-41 mine ig 
shown in Figure 3.14. Once again, the unusual crrangement of test points excluded the use of 
normal curve-fitting procedures. The method outlined above for the TMD-B was used. 

Belgian PRB-ND-49. The cumulative probability distribution for the Belgian PRB-ND- 
49 mine is shown in Figure 3.15. Since (he test points are clustered together, the method used 
for tha Russian mines was used to determine this curve. 

French Model 1951. The cumulative prob..bility distribution for the French 1$51 mine 
‘a shown in Figure 3.16. The curve was determined from the three test points by the usual curve- 
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Figure 3.12 Cumulative probabllity distribution for Italian SACI mine. 
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Figure 3.13 Cumulative probabillty distribution for Ruselan TMD-B mine. 
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fitting procedures, However, ai ‘he 20-psi range, none of the mines actuated. For a normal 
probability curve, zero actuation is reached as y approaches zero which would result in o = 0. 
Accordingly, the test point for zero actuation was acsumed to be tne value for L percent actuation. 

British Mark Vil, The cumulative probability distribution for the British Mark VI mine 
is shown in Figure 3.17. The curve was determined from the three test points by the usual curve- 
fitting procedures. However, for the reason discussed earlier, the zero actuation test point was 
assumed to be the 1 percent actuation point. Although the test points were clustered together, a 
reasonable standard deviation was obtained by fitting a curve to the three points. Generally, this 
would not be true. 

General. Parameters from which the cumulative probability curves were plotted are given 
in Table 3.5. Nearly all the parameters were determined directly or indirectly from the atomic 


TABLE 3.5 STATISTICAL PARAMETERS FOR PROBABILITY DISTRIBUTION OF MINES 


50 Percent Actuation Star.dard § Basis for 
Mine Type Pressure, Ps (pal) Deviation, 0 PP, Determination 
Static Dynamic ai a 
Factor 
US M-15 9.66 1.00 9.553 0.057 Former Static 
and Dynamic Tests 
US M-19 8.873 0.65* 3.555 0.401 Atomic Test 
Danish M/4%-1 19.205 0.89 §.929 0.399 Atomic Test 
M/47-I1 14.09 0.59 1.236 0,090 Atomic Test 
M/5z 9.018 0.70" 2.699 2.487 Atomic Test 
Asfaumed pee: 
Pa 
Italian CC-48 20,263 0.85 * 6.659 0,329 Atomic Test 
ChS-42/3 20.600 0.60 6.916 6,355 Atomic Test 
SACI 38.911 6.39 15.294 0.3893 Atomic Test 
USSR TMD-B 1§.258 0.73 5.0R1 0.333 Atomic Test 
A d— 
assume: P. 
TM-41 11.093 0.94 3,694 0.333 Atomic Test 
go 
Assumed ®, 
Belgian PRB-ND-49 9.562 0.65 * 3.184 9.333 Atomic Teat 
Aasumed 
Pa 
French ivdi 44.743 0.65* 12,969 0.251 Atomic Test 
Bastiat Mark NOES 8010) Ue 15.152 0.300 ___Atomic Test 


* Estimated 
t Data are gives for arminv. not sctuation of mine. 


test data. 1%: addition, a column using dynamic multiplication factors is included in Table 3.5. 
These are multipliers used in computing pressures for 50-percent actuation under dynamic load- 
ing. The value of P, for static conditions for any mine type is multiplied by the dynamic cor- 
rection factor to determine F, for dynamic conditions. The pressure ratios were determined 
from test results using the dynamic mine loading device and either the static or nuclear test 
results. The coefficients of variation from the nuclear teat results were used to correct the 
dynamic results to a 50-percent actuation pressure. In all cases, the dynamic values were based 
on a sample size of 10 or less. Consequently, reliability was poor. 

This calculation will be used when dynamic loading is probable, i.e¢., when devices are deto- 
nated over surlaces for which the likelthuoe of precursor formation is small, 

A comparison of the actual test points and the test points corrected to static presaure indicates 
that the behavior of mines to atumiz blast (this test in particular) is generally static. A few of 
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the mine-fields had a slight increase in percentage of actuation due to the dynamic loading effect 
from the precursor wave. 

in static measurements, the value of of Py was tound to He between 0.06 to 0.12, From atomic 
test results o/P, was found to have an average value of about 0.33 with generally only a small 
variation about this value, A larger value of o/P, was to be expected in the field test for two 
reasons: (Ll) conditions were not as closely controlled as in the laboratory, aad (2) variations in 
soil parameters and depth of burial were present in the field test but not in the static laboratory 
tests where the mines were not buried. The reliability of the probability predictions could be 
improved if larger samples cf each mine type tested by this project were tested in the laboratory 
for static and dynamic response, 


3.2.2 Sympathetic Detonation in Live Mine Fields. An analysis was made of the live-mine- 
fieid data to determine the increase in percent of actuatior due to the mine blast pulse super- 
imposed upon the atomic blast pressure wave. 

It was thought advisable to first determine the probability that sympathetic detonation was 
present. Since small samples of mines were involved, it was possible that an increase in actu- 
ation in the live mine fields could be due to chance variation alone. It will be assumed thar. when 
two or more adjacent mines in a live mine field detonate, sympathetic detonation is a possible 
cause. Ina random geometric distribution of mine detonations, sympathetic detonation may have 
been a factor in increasing the percentage of mire detonations. in a random geometric distribu- 
tion of detonations, configurations favorable to sympathetic detonation will occur. If the proba- 
bility is small that conditions favorable to aympathetic detonation occur randomly, then some 
other acon-random factor is responsible. It will be assumed that this other factor is sympathetic 
detonation. The probabilities for ali random combinations of mine actuation are given in Appen-. 
dix E. Since the likelihood for sympathetic detonation varies for different actuation pattezns, 
the probabilities are ranke in order of favorability, with the most favorable pattern listed first. 

The cumulative probab} ity distributions and the calculated geometric mine-actuation diatri- 
butions from Appendix E were used to establish the existence of sympathetic detonation. On the 
assumption that the cumulative probability distributions were correct, the probability of a ran- 
dom sample fa'ling a certain distacce from the curve was determined. A detailed procedure for 
computing these probabilities is given in Appendix E. The further the test point was above the 
cumulative probability curve the more favorable were conditions for sympathetic detonation. 

For the majority of mine types, the various probabilities associated with random events 
favorable to sympathetic detonation are given in Table 3.8. No results are given for the M-15 
mine, since none of the mines actuated. Results from the live I'MD-B and TM-41 mines are 
believed to be in error, and therefore are not included. The United States replicas of the Rus- 
Sian TMD-5 and TM-41 mines use the same fuze, The detonator in the fuze has a small anvil 
just beneath the surface of the detonator. As the fuze actuates, a spring-loaded hammer is 
released to smash against the detonator. A slight misalignment, however, between the hammer 
and anvil will reault in the detonator failing to fire. For this reason, it was thought that the 
test values in the live fields were low, since the Russian version of the mine has a more senai- 
tive detonator for which alignment ig not critical. 

Table 3.6 indicates that since the probability is high for the occurrence ot a random actuation 
pattern which (8 at least as favorable to sympathetic detonation as the pattern encountcred in the 
test. Therefore, Iittie can be learned about sympathetir avionation from considering random 
geometric actuation patterns. 

More can be learned by consideration uf random test point variations about the cumulative 
probability curve, The possibility of a random uccurrence of points as far away frum the curve 
as encountered in some of the live n-ine fields is remote, It would appear from analysis of the 
data in Table 3.6 that sympathetic detonation did occur In the live fields of the M-19, M/47-I, 

M/ 47-1, and Model 1951 mines, and did not occur in the M-92, CC-48, CS-42/3, SACI, PRB- 
ND-49, and Mark VII mine fielda. 

A quantitative answer to the sympathetic detonation question is difficult to obtain from the 

available data, A correlation was made of the percent increase in pressure with the increase 
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in actuation between the live and inert mine fields. The results were inconsistent. 

It was hoped to obtair, some information about sympathetic detonation from interpretation of 
the live-mine-field pressure records, This could not be dene due to the difficulty of distin- 
guishing noise on the records from added mine-~detonation impulses. 


TABLE 3.6 PROBABILITY OF RANDOM SAMPLE BEING FAVORABLE TO 
SYMPATHETIC DETONATION 


Mines Probabiiity of Random Sampje? 


i tombined 
Ming cEXpe Bele Detonating Geometric Binomial] Senay 
Events 
it 
US M-19 2,730 7 0.432 0.141 0.08) 
2,870 5 0.952 0.885 0.823 
3,250 9 1,000 0.008 0.008 
5,320 10 1.000 0.000 0.000 
Danish M/47-1 1,850 10 1.000 0.005 0,005 
1,990 9 1.000 0.000 9.000 
2,120 1 + 0.651 — 
M/$7-IT 2,290 8 GTS 6.037 0,026 
2,£20 7 6.433 0.368 0.246 
2,730 8 741 0.000 0.000 
M/s2 2,250 9 1.400 0.736 0,736 
2,890 a 1.000 0.582 0.582 
2,730 1 + 1.000 — 
Italian CU-48 4,950 4 0.686 0.793 0.944 
2,120 1 + 0.803 ~ 
2,820 0 ~— — = 
CS- 12/3 1,600 9 1,000 0.985 0.965 
1,856 vi 0.133 0.172 0,074 
2,120 2 t 0.264 _ 
SACI 1,720 3 0.733 ° 504 0.369 
1,990 1 + 0.528 ae 
2,290 0 ~— — _ 
Belgian PRB-ND-49 2,120 10 1.000 0.389 0,388 
2,290 7 1.000 0.821 @.R21 
2,b20 0 ~ — _— 
French Model 1951 1,370 8 0.781 0.846 0.601 
1,500 8 0.911 0,007 0.006 
1,850 4 0.476 9.000 0.000 
British Maik Vii 1,726 2 t 0.207 -- 
1,850 ny poe ace = 
pe ae SAE coe, igo ~ = aS 


* Probability of a random sample being av least as favoralle to sympathetic 
Getonation as the teat sample 

+ Sympathetic detonation coud not have occurred. 

1 Value wae not computed since actuated mines were separated an that aympathetic 
detonation could not have occurred. 


3,2,3  UIM Reading at $0 Percent Mine Actuation. The UIM reading has been useful in pre- 
dicting performance of live mines under high-axplosive blast conditions, However, it bas not 
proved to be the panacea for predicting Jive-min2 actuation under all conditions (Reference 9). 
For an erbitrary type cf ioading, the mine type ta Ve used in conjunction with the UIM must have 
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similar dynamic characteristics ‘© --01 reliability is to b2 obtained. Theoretically, under com- 


Flete'y static or dynamic load? ‘yr zero burial depth, the Universal Iidicator reading 
should be reliable in predictit aav.or irrespective of the minc characteristics, provided 
the appropriate UIM calibratio.. -at has been determined. The UIM and the other mine tn- 


voivec must behave as if both were s.ahically or dynamically loaded for the results to be correct. 
The qualification of zero depth of burial eliminates the effect of soil over the mine. At some 
depth of bur‘al, depending upon the raine size, soi! characteristics, etc., a bridging effect of the 
soil will begin to take place, For the mine types considered here, it is believed that this bridg- 
ine »'fect will not be excessive at depths down to 6 iaches. 

‘ine UIM reading for 50 percent mine actuation is given in Table 3.7 for various mines under 
static loading conditions. The pressure for 50 percent mine actuation was determined from the 


TABLE 3.7 UNIVERSAL INDICATOR MINE READING FOR VARIOUS 
MINES UNDER STATIC PRESSURE LOADING 


Mine Type Pressure UIM Reading TINGE teense 


Diate Deflection 
psig mils mils 

US M-15 9.7 1 61 
M-19 ‘YY G 60 
Danis 41/47-{ 19.2 20 80 
M/47-11 14.4 7 72 
M/52 8.0 0 37 
Italian CC-48 20.3 22 82 
CS-42/3 20.6 22 a2 
SACI 58.9 5y 119 
USSR TMD-B 15.3 14 74 
TM-41 11.1 5 60 
Belgian PRB-ND-4 a6 ‘ 61 
German TMi-43 46.8 43 143 
French Mode! 1351 44.7 16 136 
British Mark Vi! 50.4 ___ 98 138 


appropriste cumulative probability curve and the ULM reading ror that static pressure (Reference 
4}. Figure 3.18 shows how weli the test data fits the curve developed from laboratory tests for 
UIM deflection versus preasure. Agreement is good at zeru depth of burial. 

For other depths of burial, the data in Appendix F can be employed to compute UIM reading 
versus pressure. However, even at shsilow burial depths, facto.s come into play which result 
in an increase 1: UIM reading with depth. Posasitle causes for this phenomenon are presented 
later but tne final outcome is to reduce the reliability of prediction from UIM readings. 


3,3 DEPTH-OF-B RIAL STUDY 


3.3.1 Results and Disc uasion. The var‘ation of UIM readings with depth of burial for a given 
range is mhown in Figure 3.10. 7 rom the fiure, the following observations can be made: (1) at 
overprestures equal to or great.r than 60 ps’ ard depths of burial legs than or equal to 18 inches, 
the maxinium UIM reading was cbtained (at the maximum UIM reading, the belleville springs of 
the meter have been complete): flattened and nc higher reliable reading can be obtained); (2) there 
was a sige icant Increase in ; regeure plate deflection from 0 inches of burial to depths of burial 
between 6 and 9 inches with. maximum response occurring somewhere between 6 and 9 inches. 
This behavior was observer, for overpres: ures less than about 45 pai. Ccntrary to observation: 
made for the mine field clzarance oroject o: Overation Upshot-Knothole (Keferenre 3), this in- 
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crease was appreciable. Wheihcr or not this phenomenon occurs for overpressures greater than 
45 psi cannot be determined, since maximum UIM readings occurred at the high pressures of 
60 and 76 psi. 

Figures 3.20 through 3.26 are included to demonstrate the relationship between the UIM re- 
sponse with overpressure for fixed cepths of burial. A straight line was fitted to the points for 
each depth of burial. UIM readings above 160 mils were usually neglected as being unreliable. 
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Figure 3.20 Variation of UIM reading versus overpressure 
for O-inch depth of burial. 


All UIM readings were corrected to a 60-mil gap by assuming a linear relation existed between 
the UIM reading and the gap and fitting « straight line to the data by the method of least squares. 
Reason for the extent of the increase in UIM response with burial depth is not obvious. The 
use of one-degree-of-freedom theory to predict UIM deflection under a gradua.ly applied load 
for a depth of 6 inches gives a maximum deflection 20 perceni greater than the deflection at 0 
inches of burial for a statically applied pressure (Reference 3). However, at the 1,500-foot 
range and 6-inch burial depth, the actual increase above static deflection is about 65 percent. 
In an cffcrt to resolve this dilemma, an analog computer was employed to apply linear two- 
degrees-of-freedom theory to predict the : tne behavior (Reference 4). The soil over the mine 
was considered as a concentrated massa elastically courlad to the pressure plate. The results 
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were in good agreement with the theoretical results from one-degree-of-freedom theory, but 
did not explain the unexpectedly large UIM deflections 

Since linear theory does not explain this phenomenon, it seems necessary to consider other 
effects. From experimental tests on the TMi~43 mine using the dynamic mine loading device, 
it was observed that the second (reflected) pressure wave often actuated the mine even though 
the peak pressure was 25 percent lower than the peak pressure for the first wave. The reason 
for this was attributed to weakening plastic deformation (permanent set) of the pressure plate 


by the first wave. Weakening through plastic deformation was also indicated from cyclic loading 
tests made during static force-deflection measurements. For nuclear air blasts like Shot Pris- 
cilla there would be a repeated loading on the mine due to the precursor wave. This may be a 
contributing factor in the large UIM readings. 

Another reason for this phenomenon may be nonlinear behavior of the soil itself. The modulus 
of deformation of the soil at the test site is known ‘to increas2 non‘inearly with the magnitude of 
the applied pressure. From earlier test work using the loading device (Reference 4), it was 
found that the earth pressure was increased tc more than double the peak blast pressure because 
of reflection from a rigid body in the soil. The two-degrees-of-freedom linear theory predicts 
thie. However, it was observed that the second pressure wave, occurring about 0.15 second 
after the first reflection, produced an earth pressure equal to the earth pressure from the first 
wave despite the fact that the amplitude of the second wave was only about 75 percent of the am- 
plitude of the first. It would appear that this pressure increase could be due only to an increase 
in soil deformation modulus with depth after pagsage of the first wave. In order for this phenom- 
enon to occur under atomic blast conditions, ihe modulus would have to change with depth during 
load application since the modulus would initially be independent of depth at shallow burial depths. 
The mechanism by which a modulus increase with depth could occur during loading may be en- 
viasioned by considering the sloping front of the wave as made of a series of little atep waves. 

As each little pressure wave transmitted through the soil contacts the presaure plate, it is re- 
flected, causing an increase in pressure above the pressure plate. This in turn increases the 
soil density since the soil is inelastic, and therefore the modulus of deformation increases. If 
it is assumed that tha increases in moduius increase the pressure, an appreciable variation of 
modulus with depth will be detectable by the time the peak pressure is attained, and therefore 
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3.3.2 Prediction from UIM Data of Mine Responses at 36-inch Depth. Since the use of the 
UIM for predicting live .:ine detonation under arbitrary ‘oading conditions should be limited to 
mines with characteristice similar to the UIM, application of UiM data to predict behavior of 
other mine types in general is fraught with danger. However, because no data is available on 
mine behavior at burial depths below about 6 inches, it would seem worthwhile to attempt to pre- 
dict mine behavior at deeper burial depths from the available ULM data. 

Predictions are made of the 50-percent actuation point for the various mines of this test when 
buried 36 inches deep, It is believed that at this deep burial depth, ail mines will display about 
the same natural frequency, so dynamic behavior should be about the same for the UIM aa for 
other mines. If the mine pressure-plate area and mine deflection for actuation corresponds 
with that of the UIM, then it ts thought that the prediction should be reasonably accurate. For 
most mines these last two characteristics are not the same aa those for the UIM and thus some 
error is to be expected. 

On the basis of these casumptions, predicted pressures for 50-percent actuation of the various 
mines at 36-inch buria! depth are given in Table 3.8. Values were determined from a straight- 
line fit of UIM reading versus pressure at the 36-inch depth of hurial. 


3.3.3 Correlation of UIM and TMi-43 Mine Test Results. Characteristics of the UIM and 
TMi-43 mine are similar, Therefore, it is logical to expect that the UIM data can be employed 
to adequately predict TMi-43 mine detonatiun for a wide variety of conditions. 
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The following procedure was used in <pplying UIM data to the prediction of TMI-43 mine be- 
havior at different burial depths: 

1, A static ULM reading of 83 mils waa assurnd for the TMi-43 mine. 

2. Using this value, the corresponding pressure was determined from the straight-line fit 


TABLE 3.8 PRESSURE FOR $0 PERCENT MINE 
ACTUATION AT 36-INCH BURIAL 


DEPTH 

Mine Typo Pressure, psig 
US M-35 38.2 
M-19 17.1 
Danish M/47-1 39.1 
M/47 -1I wa 
m/62 13.8 
Italien CC-48 41.4 
C8-42/3 414 
BAC! 62.2 
U88R TMD-B 32.8 
TM-41 22.68 
Balginn PRB-ND-49 18.2 
Garman TMi-43 108.7 
French Mode) 1951 100.9 


British Mark Vil 126.2 


on the UIM reading versus pressure curve for the particular burial depth. This pressure cor- 
responded to the overpressure to actuate 50 percent of the TMi-43 mines. 

3. A-value of o/P, = 0.12 was assumed for the TMi-43 mine. This value was double the 
value obtained during static-loading testa in the laboratory and appears reasonable for use with 
the teat data. 

TABLE 3.8 COMPARI®@°™ CF TEST RESULTB AND PREDICTED 


VALUES BAslD On Ui 1e8T RESULTS FOR 
TMi-43 MINE 


——————" eee lon os 
Overpressure iano Burjei Depth Range 


‘est 
patg in 7} 
” Abere 99 100 e 1,350 
0.5 Above 98 100 ° 1,270 
43-6 7 100 ¢ 1,800 
13 Above 99 100 a 1,280 
5 Above 99 100 3 1,370 
ewe “ 109 3 1,90 
% Above 00 100 s 1,184 
5 Above #0 100 ‘ 1,370 
en Above 98 100 4 5,006 
* Above 99 190 ? 1,206 
6 Above 99 100 * 1,370 
43.6 Above 08 100 ? 1,800 
1% Above 99 100 12 4,386 
60.8 Above 100 a 1,370 
436 Above 00 104 M2 1,500 
" Abwes 00 106 “a 1,180 
66.5 Above 09 190 ls 1,370 
«6 ai 80 ib 1,00 
7 Lose tana 1 a 3s 1,26 
0.6 Lease thas 1 9 a6 1,370 


43.6 Lees thea | J » 1,940 


4. The percentage of TMi-43 mines that should actuate at the test overpressure was deter. 
mined by normal probability theory. 


A comparison between the predicted and actual! i.ine actuation ls given in Table 3.9. The 
UIM data satisfactorily predict TMI-43 mine actuation for the various depths except at the 43.6- 
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Figure 3.27 Variation of UIM reading with range. 


Grount Range, Yards 


Figure 3.28 Height of burst versue range for 1 kt and a given overpressure. 
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pet overpressure and zero burial depth. The reason for this discrepancy is not definitely known. 
Perhaps the heat wave from the explosion weakened the mine. In several depths of burial fields 
nearest ground zero, the heat was sufficient to burn the paint off the presaure plates of the mines 
at the surface. 


$8.4 CHANGE FROM STATIC TO DYNAMIC PRESSURE WAVE 


Resulta from the special fields of UIM’s placed between rangea of 3,250 to 5,329 feet are 
shown in Figure 3.27, These mines were used to determine if an apprecieble increase in de- 
fiection occurred as the pressure wave shape changed from a gradual to a rapid pressure rise 
over the intial portion of the wave. Figure 3.27 indicates that a 20-percent increase in deflec- 
tion does occur at about 4,000 feet. A similar increase in actuation at 4,590 feet occurred for 
the M-19 mine. 

These two occurrences strong!y indicate that thera was an increase in dynamic response due 
to a sharpening of the wave {-ont. However, pressure data were lacking beyond 5,250 feet so 
ho quantitative correlation of this phenomenon with theory could be made. 


3.5 HEIGHT OF BURST FOR MAXIMUM CLEARANCE 


In view of the speculation In previous mine fieldclearance operations about an uptimum height 
of burat fcr maximum ranges of clearance, it was considered advigatle to include an overpres- 
sure curve extracted from Reference 6 (Figure 3.28), From the graph, determination of the 
range of an overpressure fur a given height of burat is quite aimple. 

Cube-root scaling should be applied to the results for 1 kt to extrapolate for vartous yields 
(Reference 8). Figure 3.28 is only for soil conditions similar to those at the NTS. 
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Chopter 4 
CONCLUSIONS and RECOMMENDATIONS 


4.1 CONCLUSIONS 


1. Current procedures are reasonably accurate for predicting mine actuation under nuciear 
explosions through the use of static actuation pressures along with information on the shape of 
the pressure wave. 

2. Sympathetic detonation occurs for some mine typea for the normal spacing between live 
mines in standard mine-field patterns. No quantitative explanation can be given for thie occur- 
rence, 

3. ULM readings increase with depth of burial to a maximum value at 6 to 9 inches of cover. 
The extent of the increase can not be explained by application of the linear one-degree-of-freedom 
spring-mass theory, and is attributed to nonlinear behavior of either the mine or soil cover or 
both, 

4. Conclusions fur four subprojects by Picatinny Arsenal, DOFL, Chemical Warfare Labora- 
tory, and the United Kingdom are included in the respective appendices devoted to those proj- 
ects, 


4.2 RECOMMENDATIONS 


1, Mine actuation theory should be extended to include onlinear soil effects in order that 
mine actuation may be predicted at depths greater than 6 ches. 

2. A field manual should be psegared for mine clear. :eby nuclear blast for known mine 
types over a practical range of environmental conditions. This should include a summary of 
the expected changes in wave shapes as the burst environment varies, with specific remarks on 
the relative prominence of the precursor. 

©. No extensive efforts should be undertaken to determine « quantitative explanation of sym- 
pathetic detonation because: (1) sympathetic detonation is not a major factor in determining the 
percentage of mines actuated, and (2) :he mine types affected by sympathetic detonation were 
generally those most easily cleared by blast. This is most significant since mine design is 
presently concerned with the development of mines resistant to clearance by nuclear blast. 

4. Further testing of clearance of conventional-design, preseure-actuated mines by nuclear 
biast is unnecessary for the following reasons: (1) the techniques for prediction of actuation are 
sufficiently refined to make a reliable prediction after an adequate sample of mines is examined 
by laboratory analysis: i.e., pressures for $0-percent actuation can be determined for various 
types of loading and actuation probability curves can be developed assuming o/P, = 0,33 for 
the data under field conditions; and (2) present methods for predicting P, curves are quite accu- 
rate. Nuclear fieid tests might be required for mine deaigna not amenable to laboratory analysis. 

5, Laboratory testing of larger samples of the mines should be undertaken in order to im- 
prove the reliability of the actuation prediction curves. 

6, Recommendations for the four subprojects are included in the separate appendix devoted 
to each subproject. 
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Appendix A 
FROTECTION of PRESSURE - ACTUATED 
MINES AGAINST NUCLEAR BLAST 


The purpose of the test was to evaluate the effective- 
nese of two experimenta) designs in providing pressure- 
actuated mines with protection against blast effects 

of nuclear explosions. The two designs were code 
named High Hat and Partner. 

High Hat was an auxiliary mechanical device de- 
signed for use with standard pressure-actuated anti- 
tank mines and required nc modification of the mine 
or fuze. For this test, High Hat was adapted to the 
M-19 mine and designed to provide protection against 
overpresaurea up to 70 pai. 

The test was to determine whether the design pro- 
vided reduction of functioning under blast pressures, 
as compared to unprotected mines, and to find the 
magnitude of pressure that would cause the protection 
to fail. 

Partner war a two-mine system in which pressure- 
actuated, mechanically initiated mines were modified 
to provide electrical initiation. Two mines with iden- 
tical fuzea were electrically coupled tn a manner auch 
that actuation of either mine independently would func- 
tion the m'ne in a normal manner, but application of 
pressure to both mine plates simultaneously would 
prevent either from functioning. 

The purpose of this teat was to determine the func- 
tloning characteristics of the syatem. Means were 
provided by which possible causes of fallure could be 
tested. 


A.l BACKGROUND 


The test deacribed waa initiated to provide infor- 
mation for a feasibility study being conducted by 
Picatinny Arsenal (PA) under Ordnance Project TA? 
8926. The purpose of the study was to develop new 
preseure-actuated mines and accessories with reduced 
vulnerability to the effecte of nuclear explosiona and 
to provide standard pressure-actuated mines with sim- 
ilar protection. 

Preliminary testing of High Hat was conducted to 
determine the effect of burial depth on the ability of 
the design to function when actuated by a tank. Models 
were placed in 15-inch-diameter holes in dry, sandy 
soil. The holes were slopec 45 degrees to prevent 
bridging. It was found that functioning occurred con- 
sietently under full track coverage with a burial dep*: 
down to 4inches. An M4 Sherman tank of approxi- 
mately 35 tons was used for the teste. 


No tests were conducted on the functioning of Partner 
under a tank, because the design did not change the 
functioning characteristics of the M-19 mine to which 
it was adapted. However, complete laboratory checks 
were made to insure that the electronic circuitry used 
in the design functioned according to specifications. 

The two designs tested were proposed means of 
providing standard pressure-actuated antitank mines 
with protection againet the blast effects of nuclear 
detonations. Both designs were adapted to the M-19 
mine, although their uee is not limited to that mine. 


A.i.1 High Hat. Wigh Hat consisted of two cylinders. 
As adapted to the M19 mine, the larger cylinder had 
an outside diameter of 9.5 inches and was 1 Inch high. 
To this cylinder was welded a circular cover with four 
annular slots; the complete unit thus formed was cali- 
ed the base. A eecond cylinder, called the hat, was 
7.6 incl 5 in diameter and 1.7 inchea high. Four 
notches were cut in the hat, so that {t would fit into 
the slots in the base. The base and hat and the manner 
in which they fit together are shown In Figures A.1 
and A.2, 

Within the amall area occupied by a mine, the 
pressures from the vlast wave are experienced al- 
most simultaneously (within 1 msec) by all points. 
Since the fcrce experienced by the mine fuze is pro- 
porticnal to the area of the pressure plate, the force 
can be reduced by changing the size of the plate or by 
partially covering it. The latter ts the function of the 
base of the High Hai. The dase te piaced over the 
pressure plate .eating on the ststic portion of the 
cinta. Thus, the preaanre urting on the base ts trans- 
mitted to the mine badly, not the fuze. 

The cylindrical hat fits into the nlots ir. the base 
and rests directly on the pressure plate. When in 
thie position, the hat ie ratsed slightly by the pressure 
plate, which protrudes up under the base of the High 
Hat. This can be seen in Figura A.3. ‘When pressure 
is applied, the hat is force’ wn, depressing the 
pressure plate and functtoning the fuzs. Because 
only the pressure acting on the comparatively small 
area of the hat js transmitted to the fuze, approxi- 
mately 10 pel ia required to cause functioning. By 
comparison, an unprotected M-19 mins cant he expect- 
eq (9 function under about 8 pai. 

A tank, however, doet not exert a uniform ground 
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Figure A. High Hat, showing the base and hat separated. 


Figure A.2 High Hat, showing base and hat assembied. 


Figure A.3 High Hat muunted on an M-.9 mine. Four 
brackets prevent base of High Hat from slipping 
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pressure. The tank track is not deformable, as is > 
pressure wave. When a tank passes over a High Hat, 
the earth around and in the center of the hat tends to 
push aside ant compact. This leaves the hat to bear 
the major portion of the force exerted by the tract 
above it. When the High Hat is buried 4 inches or 
fess, this force is sufficient to function the fuze. 


A.1.2 Partner, The partner system utilizes the 
fact that two mines buried the standard 18 feet apart 
wil] both be aubjected to the blast wave within a short 
time. For example, if it is asaumed that the blast 
wave travels at only 1,000 ft/sec and that the mines 
are 20 feet apart, tt will take only 9.02 second for 
the shock front to tnove from one mine to the other if 
they are placed along a line radial to the point of 
blast. Actually, in regions where overpressures of 
sufficient strength occur to function the mine, the 
shock front moves more rapidly. Thus, if the mine 
pair are electrically coupled se that depression of 
both pressure plates within 0.5 second will preven: 
functioning of either, the pair is insured of protection 
from overpressure effects. Inthe Partner system, 

a reaistance~capacitance bridge circuit is used to 
accomplish the ¢ wupling. 

For this vest, Partner was adapted to the M-19 
mine. The method of modification provided 2 means 
for determining nut only the success or failure of the 
protective system but whether or nut the mines, if 
unprotectad, ‘vould have functioned. 

The physical modification of the mines is shown in 
Figure A.4. A plunger assembly is screwed into the 
detonator fitting of the mine fuze. When ibe fuze is 
functioned, the firing pin sivikcs the plunger, which 
causes the micruswiicu ayeembiy iunied un Ve 
bottom of the mine to change from its normally closed 
position to the normally open position. The electrical 
circuitry is located in a chassis mounted on the bot- 
tom of the mine. Both mines cf the pair contain iden- 
tical evitch assemblies and ctreutiry and are connec- 
ted electrically by a four-conductor cable. 


The microswitch assembly contains five single-poie, 


duuble-throw microswitches, which are ganged to 
function simultaneously when the plunger is depressed. 
These switches correspond to §,, 8, 5, 8, in the 
circult dlagram of Figure A.5. Switch $-6 Is physi- 
cally loca.ed :n the other mine of the Partner pair, 
and the corre sponding switch of the second mine is 
wired to U2 fifth pole of the microswitch assembly 

in the firee mine. 

When tho pressure plate uf only one mine is de- 
pressed, the switches close. Capacitors C, and C,, 
which have been charged to equal vultages by the 
hattery. are connected to the two resistance loops 
of the circuit. A current i, then Nows through Loop 
Tin the direction shown in Figure A.5, charging the 
ring capacitor, Cy. The current 4, in Locp IJ is 
zero, because Switch S~5, located in the other mine, 
{s open. When C, charges to the firing voltage of 
the glow tube (gas-discharge diode) the tube fires 
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(essentially changes from an open circuit to a short 
circuit) and an electric detonator is set off by the 
discharge of Cy. 

Resiator R, provides a time delay of 6.5 second 
after switches 8, and S, close before C, charges 
sufficiently to fire the detonator. The delay ineuree 
protection of the mine pair when both pla’es are not 
depressed at exactly the same instant. 

When both mines of the pair are functioned within 
0.5 second, neither detonator is set off. Switch 3-5 
in both circuits is closed. Capacitor C; and C, have 
equal values, as do resistors R, and Ry. Therefore, 
the circuit is a balanced bridge with current (, in 
Loop I equal tn magnitude but opposite in direction to 
current {, in Loop I! (See Figure A.5). The currents 
In the two loops cancel, and capacitor Cy dots not 
charge. 

The adaptation of the Partner aystem to M-19 
mine, as used in this test, prevented functi. ing of 
the two mines of the pair when both expevtenced the 
influence of the blast wave from a nuclear detonation; 
however, both mines were permanently sterilized, 
and neither would subsequently function under a tank. 
The M-19 mine fuze has two Belleville springs, @ 
main load-bearing spring and a smaller snap-through 
spring, which normally drives the firing pin into @ 
percussion detonator. The small spring does not 
return to its original position when the mine plate is 
released, alter having been depressed. In order to 
adapt the mine to the Prarincr syatem, it would be 
necessary tn redesign (he fure, replacing the snap- 
through spring with a microswitch. Then depression 
of the plate would directly operate the microswitch, 
and the fuze would return to (ta origina) position 
wien released. Thus, after the pressure wave of a 
blast had passed, both mines would be capable of 
functioning under a tank {Figure A. 4}. 

The mines used in thia test did not have the modi- 
fications just described. There were two reasons 
for this; (1) Because it was desired to test only the 
ability of the Partner system to provide protection 
againat biaat effects, it was considered more exp:d- 
jent to design the smal) plunger assembly than to 
modify the fuze. (2) By using an unmodified fuze, 
it was posaible to tell by examination of the snap- 
through Belleville apring whether or not the iuze 
had functioned. Thus, tf the fuzes in both mines of 
a Partner pair had functioned, end neither indicator 
detonatur had fired, then it would be known that the 
protection sys'em had worked properly. 


A.2) PROCEDURE 


A total of 43 mines, 25 High Hats and 18 Partners 
(9 pairs), were planted in Frenchman Flat in the 
Project 6.1 jnert mine field. The experimental lay- 
oul is shown in Figure A.6. Holes were dug with a 
pr eer auger mounted on a 2'%4-ton truck. The holea 
were 24 inchea in dlameter and had flat bottoms and 
perpendicular sides. 
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Figure 4.4 Cross-sectional view of an M-19 mine, showing the rnodifications 
thai were made to acapt it to the Partner system. 
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Figure A.§ Circuit diagram showing the circuitry ure tr tne Pastner system. 
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All results were recorded on a go or no-go isis. 
That is, it was noted whether or not cach prototype 
had functioned. Remarks as to the condition or phya- 
ical position of the mines and modifications aa found 
aiwr the icai wee noted where such notation could 
give an indication of the reasons for success or fatl- 
ure. 


A.2.1 High Hat. 
overpressure levels. 

Five models were placed at 21 psi. This wag one 
station higher than that at which 90-percent function- 
ing could be expected for an unprotected M-1) mine. 
If the mines functioned at thie station, it was to be 
concluded that no protection had been afforded by High 
Hat. 

Five models were placed at 40 pei. This was in 
intermediate point between the no-protection-afforded 
Station and that station at which failure of protection 
was expected (70 psi). 

Five models were to be placed at 70 psi, because 
analysts had shown that the presente’ area of High 
Hat wrs auch that overpressures of 70 pai cr greater 
would cause ii ‘o function when used with an M-19 
mine. It was desired to determine the actual func- 
tioning ovorpreesure in this test. Because it had been 
found that the M-19 mine functions over a renge of 
pressures, it war necessary to place the teat models 
of High Hat at pressures somewhat greater than, and 
leas than the expected functioning level. It was desir~ 
ed that five prototypes per station be placed at @S psi, 
70 pei, snd 55 psi. Because the greatest overpreseures 
available at the Project 6.1 teat site were 60 pri, 15 
models of High Hat were modified to give greater 
presented arta, so that they would simulate the effecia 
of higher pressures when placed at the stations avail- 
abic. The actual placement of these modifications is 
indicated in Table A-t. 

The High Hats were placed in holes as siown in 
Figure A.7, A cloth cover was placed over each High 
Hat to prevent sand from causing binding. The tops 
of the kata were 3 inches below ground level, and the 
holes were filled flush with the ground. 


High Hat was tested at three 


A.2.2 Partner. The Partner pairs were arranged 
in patterns, three paira in each pattern, a8 showr in 
Figure A.8. aira were arranged {n this manner to 
determine tht effects of orientation to ground zero on 
the simultaneous operition of the two mines. Further- 
more, it was known that a strong electromagnetic sig- 
nal wae given off by a nuclear detonation. It was felt 
that thia signal might be picked up by the connecting 
cablas and affect the electronic circuitry. By placing 
the Partner pairs in the patterns deacribed, the effect 
of clectromagnetic pickup (if any could be noticed) 
could be re‘:.ted to orientation. 

Pattern | was placed at the 50-pai station to teat 
perfo.mance of the system under high overpressure. 
Patterns 2 and 3 were placed at the 21-psi atation to 
determine whether the partner system afforded any 


improvement over planting the mines unprotected. 
The exact location of these patterns is shown in Fig- 
ure A.6. 

Four control circuits, containing circuitry dupli- 
cated to that used in the Parmer chassis (except for 
the omission of the microswitch and battery) were 
planted in the mine field. Two control circuita were 
placed in Pattern 1 and one aach in Patterns 2 and 3. 
Tnese controls were devised to check whether or not 
the electromagretic field created by the blast was suf- 
ficient to cauee the sensitive electric detonators used 
in the cirucitry of Partner to function. The control 
circuits were buried 5 inches deep. 

The mines were placed in the holes as shown in 
Figure A.9. Picces of wood 2 hy 4 by 13 inches were 
placed under three edges of the mire to prevent the 
blast pressure from crushing the meta! chaaeis. 
Cables connecting the two mines of aach pair were 
buried in 6-inch trenches. The :ops of the mines were 
5 inches below ground level, and the holes were filled 
in flueh with the ground. 


A.3 RESULTS AND DISCUSSION 


Overpresaure levels were selected to yield the 
maximum amount of information from the limited 
numter of test itema available. Results of the pres- 
sure gages located in the Project 6.1 mine field show- 
ed that the measured overpressures differed consid- 
erably from the predicted, particularly at the high- 
overpresé ure stations. At the 60-pai station, the 
measured pressure was about 25 percent high; at the 
50-psi station, the pressure ~~ about 20 percent 
high. The 40-psi station was uly 8 percent high, 
and the 21-psi station was 24 percent low. Partially 
because o1 tne picesure differences, the resul's were 
not a8 conclusive as it had been hoped thay would be. 


A.3.1 High Kat. The resuite of the High Hat test 
are shown in Table A.2. Predicted and measured 
overpressures are shown for comparison. As stated 
in Section A.2.1, 15 High Hats were modified by an 
increase in the presented area of the hats in order to 
simulate higher overpreasures. The pressure eim- 
ulatud by any of these models is equal to the actual 
pressure multiplied by the ratio of the modified area 
to the unmodified area. Because the actua) overpres- 
sures at the stations where these models were placed 
were higher than predicted, the simu)atec: pressures 
were aleo higher. The actual af mulated pressures 
are listed in the table. 

All mines with modified High Hats were actuated. 
From pretest caiculatious, it could be expected that 


these would function because of the higher-than-predicted 


simulated pressures. However, from these same 
calculatione, It could be expected that the unmodified 
models at the measured overpressure of 43.6 psi 
would not function. Of the five High Hata located at 
thiz station, three failed to protect the mines. None 
os the mines functioned at 16 pai. This would indicate 
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Figure A.7 Sectioned view of High Hat in place before hole ja filled. 
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TABLE A.1 PLACEMENT OF HIGH HAT 


Predicted Modified to 
Number of 
High Hate Overpressure Simulate Over- 
Stations Pressures of 
psi psi 
5 21 No Modifications 
5 40 No Modificatians 
5 40 55 
5 50 70 
5 60 85 


a \ Figure A.8 Partner pattern showing orientation 
2) ‘ : C) to ground zero, The cable between Mines a, and 
( ; es z 


a, Was staggered to prevent the blast wave {rom 


blowing the earth out of the length of the trench. 
a , Though the cables crose physically, they are not 
, J: in contact electrically, 
/ / 


CG.) / indicotes 
| ———~——" Buried Wires 


Figure A.9 Beoctioned view of Partner in place before hole is filled. 
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that the High Hats, as now designed, car ‘naure pro- 
tection to some value of overpressure less than 43.6, 
which seems to be about a 50-percent point. However, 
even if insurance of protection extends only to 35 or 
30 pai, these pressures ave considerably higher than 
the unprotected mine could survive. Furthermore, by 
reducing the presented area of the High Hats through 
redesign, it should be possible to raise the level of 
protection. 

The results of this test indicate that, although 
High Hat did not perform as well as expected, the 


TABLE A.2 HIGH HAT RESULTS 


Diatance From Predicted Measured 
Mint Number? Ground Zero Owerpressure Overpressure 

feet pal pas 

1 1,250 60 10.0 
2 1,260 8&6 16.0 
3 1,250 60 76.0 
4 1,280 8D 78.0 
5 1,250 80 76.0 
6 1,370 60 60.6 
1 3,370 » 60.5 
8 1.370 30 60.6 
9 1,370 50 89.5 
10 3,370 55 60.5 
12 1,500 40 43.6 
14 1,500 0 43.6 
16 2,500 “ 436 
18 1,500 we 43.6 
20 1,500 40 43.6 
i 1,506 40 43.6 
13 1,500 40 43.6 
15 1,860 «0 43.6 
17 1,$00 40 43.6 
12 1,900 40 43.6 
2 1,890 a 16.0 
22 3,990 21 16.0 
23 1,990 21 16.0 
24 1,890 21 16.0 
25 190 31 18.0 


"These refer to the numbers placed above each mine jn Figure A6 
+t The small Belleville spring had not enapped through, the plastic cup 


which holds ths spring had broken off, indicating that the ming bad 
received enough preseuré to operate, but had malfunctionad. 
t Mine had moved unde. the blast and was found partially exposed. 


O These mines had unmodified High Hats. 


design offered considerable {mprovement over the 
unpretected M-19 mine. 


A.3.2 Fartner. The results of the Partner test 
are summarized in Table A.3. In order for the Part- 
ner pair to have worked as desired, the following 
conditions should have occurred: (1) The fuzes in 
both mines of the pair should have functioned, indica- 
ting that the mines, if unprotected, would have been 
set off. (2) The electric detonators in both electronic 
chasaia should not have fired, indicating that the 
mines were ;rotected by the Partner system. 3) 


The circuitry in both mines sould have worked prop- 
erly when tested in the laborat. ry after the shot, in- 
dicating that the mines would be ‘n condition to func- 
tion when actuated by @ tank. JFul'ilment of all three 
requirements wouid indicate succes. of the Partner 
system. 

None of the detonators in the contro: circuits plan- 
ted in any of the Partner patterns fired, therefore, it 
is known that electromagnetic pickup did no! affect 
the circuitry in the mines. 

All three Partner pairs (all of Pattern No. 1) 


Preseure Simulate] Pressure Simulated 
by Modification by Modification pope 
at Predicted at Measured ‘After Test 
Overpressure Overpressure 
pal pat 
a5 108 Functioned 
Li] 108 Functioned 
85 106 Functioned + 
Ey 108 Functionsd 
85 108 Fusctioned 
70 96 Functioned 
10 cy Punctioned 
70 8 Functioned 
10 66 Functioned 
70 86 Functtoned 
85 62 Fupctionsd 
55 62 Functioned 
5b 62 Functioned 
85 62 Functioned 
65 62 Functioned ¢ 
4 4 Not Functioned 
4 § Functioned 
¢ ‘ Functioasd 
6 ’ Fupctioned 
4 6 Kot Functioned 
i 5 Not Punctioned 
‘ $ Not Func tioned 
4 1 Not Fusctioned 
i § Not Functloned 
t 4 Not Functloned 


placed at the m#asured overpressure of 60.5 psi ful- 
filled the above conditions. 

At 16 pai fn Pattern 2, only pair B,-B, met the 
theres conditions. In pair C;~-C,, neither mine fuze 
functioned. This indicates neither success no frilure 
of the Partner system, because it was given no chance 
to protect the mines. These two mines survived the 
blast pressure without protection. No Information 
was gained from this pair. Pair A;~A, points out 
both a general disadvantage of the Partner design 
and a failure of one of the mines of the palr. The 
fuze in Mine A, functioned, that in Mine A, did not. 
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The pressure to which these mines were exposed wag 
that at which 90-percent functioning of M-19 mines 
could be expected. At this pressure, and for lower 
pressures (down to the leve) at which no functioning 
of unprotected mines would occur), there is the dan- 
ger that one mine plate of the pair will be depressed 
and the other will not. When this occurs, Partner 
will offer no protection, and the first mine will be 
cleared by the blast. At higher pressures, where it 
is insured that boti mine plates will be depressed, 
the Partner system will prevent clearance by the 


TABLE A.3) PARTNER RESULTS 


the mine. The circuitry, nevertheless, did not work 
properly, and this ia a failure of the Partner system. 
One possible explanation of the failure can be offered: 
It was noticed that the detonator in this mine fired 
in less than the designed 0.5 aecond whe’: the circuitry 
was tested, indicating that the gas dioat «1 -he circuit 
(see Figure A.5) fired at leas than the ve: ‘gned volt- 
age. If this occurred during the nuclear test, the 
energy transmitted to the detonator may not have been 
enough to fire it. However, this may have made the 
detonator more sensitive, go that it would fire when 


M-19 Mine Electric Partner Chassis 
Oriemtation of 
Pattern Mine Partner Pair to Predicted Measured By ieee pagers pprerercliar _ 
. 
Number Number f acon rest = Overpreseure Overpreseure By the t Laboratory After 
Blast Pressure Had Fired the Atomic Test 
pai pal 
1 ay redial 50 60.8 yes no yes 
1 a, radial 50 6O.5 yes nm yes 
i b, 4h dogrecs 50 60.5 yes Le yea 
1 by 45 degrees 80 60.5 yea no yes 
1 cy tangential 50 60.8 yes no yes 
1 e: tangential 60 60.5 yae yes 
2 a, radial a 16.0 yes ) 2t 
2 a, radial 21 16.0 no no yea 
2 by 45 degrees a 16.0 yas po yes 
2 b, 45 degrees 21 16.0 yee ag yes 
2 cy tangential 2 16.0 BO no not tested 
2 cy tangential al 16.0 2 nO net tested 
3 a, redial al 16.0 yes [os] yes 
3 a radial 21 16.0 yes oo :e8 
3 by 45 degrees a 18.0 yea oD yes 
3 by 45 degrees 21 16.0 yoo no yes 
s ey tangential al 16.0 yoo ) yest 
3 Gy tangential Lit 16.0 ae so yee 
* These reivf to the pattern purnbers un Figure A.6 
t These refer to the mine numbers on Figure A.8. 
t Whee tested, the detonator seemed io firs in considerably iees than 
0.6 seconds, however the firing time was sot mesqured with 2 chronagrapa . ~s: > 


1 A connecting plug inuaide the chassis was found digeonmected. Bis 


not known whether thia occurred before or after the teat. 


blast, However, there js the range of pressures just 


described in which thie syrtem offera little protection. 


As stated above, Mine A, is cunsidered to have 
been cleared by the blast. The fuze of only thia mine 
of the pair functioned; therefore, the electric deton- 
ator in the Partner chassis should have fired, just 
as it should whe: a tank functions one mine of a pair. 
However, the detonator did not fire. The reason for 
this 13 not apparent from the posttest examination of 
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teated in the laboratory. 

In Pattern 3, two of the Partner pairs met the 
three conditiona for success previously stated. In 
pair Cy-C,, th same cond’tions ~ccurred ag in the 
faulty pair of Pattern 2. Only one mine fuze function- 
ed, yet the detonator in that mine did nat fire This 
pair, however is more easily explained: a connecting 
plug in the chaasis was found disconnected. This 
would mean the circuit was disconnected from the 
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battery and no energy was available to fi.~ the det- 
onator., Although the plug could have come loose 
after the test when the mine was dug up, it is believed 
that it occurred before the test. 

Although the two failures of tae circuitry encount- 
ered in the test might be explainable, they neverthe- 
less point out the vulnerability of a cemplicated ays- 
tem. Furthermore, the problem of one pressure 
plate depressing when the other does not stiil exists 
and can be overcome only be design change. 


A.4 CONCLUSIONS AND RECOMMENDATIUNS 


4.4.1 High Hat, High Hat is a workable design 
offering significantly better resistance to clearance 
than the unprotected mine. This performance can be 
improved by further reducing the area of the hat. 


1 


High Hat also offers the advantage of requiring no 
tnodification of the mine fuze. It is recommended 
that work on this design be continued. 


A.4.2 Partrer, The Partner system has the dis- 
advantages of being complicated, of requiring modi- 
fication of the mine fuze, and ~f offertng little pro- 
tection in the range of pressures where 10 to 90 per- 
cent of unprotected mines could be expected to func- 
tion. However, the system does work well at higher 
pressure3. 

Although the disadvantages could be overcome by 
redesiga, newer systems under development offer 
more promise. It is recommended that the design be 
reviewed to determine whether further work on it 
should be continued. 
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Appendix 8 


VULNERABILITY of CERTAIN ANTITANK - INFLUENCE -MINE 
FUZES toNUCLEAR DETONATIONS 


The purpose of this experiment was to determine the 
vulnerability of three antitank-influence-mine fuzes, 
designed at Diamond Ordnance Fuze Laboratories 
(DOF L), to a nearby nuclear detonation. 

The three fuzes available for this purpose were 
the Tf 1217E2, the T 1224E1, and the T 1235. The 
T 1217E2 is a prototype; the T 1224E1 has been re- 
leased for production engineering; tne T 1235 repre- 
sents an experimental design. All three fuzer are a 
part of a family of influence fuzes for use with the 
T-29 mine. 


B.1 BACKGROUND 


The follcwing were considered as possible factors 
that would affect the vulnerability of a fuze t a nuclear 
detonation: (1) direct physical damage, which would 
make the fuze or mine inoperative, such ae breakage 
of the case, damage to coinponents, ucovering or 
tilting of the round; (2) functioning of the fuze during 
the detonation by presence of its nermal functioning 
influences, such us preseurc, vibration of the ground, 
magnetic fields, gamma radiation; (3) abnormal oper- 
ation of the fuze sensing devices, e.g., cloaure of the 
magnetic switch in the T 1224E1 by excessive shock; 
(4) improper functioning of protective devices incor- 
porated in the fuze, e.g., the blast protective switch 
in the T 1217E2 or the T 1224E1, (5) temporary ater- 
ilization due to diecharge of firing capacitors by ioni- 
zation; and (8) temporary sterilization of the T 1235 
fuze by induced radioactivity in either the soil or the 
Nal scintillation crystal in the fuze. 


B.2) PROCEDURE 


An experimental program that would determine 
the exact behavior of the fuzes involved could not be 
attempted during this operation, because none of the 
items had been made in anv appreciable quantity and, 
therefore, were in short supply. The limited program 
was intended to provide guidance for future tests with 
larger quantities, to initiate work on protective de- 
vices or on modification (should such prove to be nec- 
essary), and to correlate fuze behavior with data 
gathered Ly Diamond Ordnance Fuze Laboratories. 

The 30 fuzes available for this teat were equipped 
with detonator simulators to indicate fuze operation 


without causing damage to the fuze. This made pos- 
sible reuss of the fuze and posishot examination of 

ite sensitivity. All but the T 1235 were mouated on 
inert-loaded T-29 mine cases from which all firing- 
train components had been removed. A battery- 
operated clock, to indicate the time at which each 
fuze functioned (if functioning occurred), was attached 
te the bottom of each unit. 


8.3 DESCRIPTION OF FUZES 


8.3.1 T 1217E2 Fuze. This fuze used tank-track 
pressure as its Intluence but differed from a conven- 
tional pressure fuze in that simultaneous pressure of 
beth tank treads was required to insure mine function- 
ing underneath the belly of a tank. The sensing ele- 
ment was a pair of 8-foot rubber tubes, 1% inch in out- 
side diameter, one extending to either side of the fuze. 
The tubes were buried with from 1 to 4 inches of soil 
cover. The aqueezing of 2 short icngth of euch hose, 
as occurs on the overhead passege of a tank from 
both of is tracks, closed an electrical switch in the 
fuze. Both switches .nust close at nearly the same 
time to complete the firing circuit from a charged 
capacitor to an electrical detonator, In this way, 
firtng of the mine underneath the tank and somev'here 
between both tracks is assured. 

The fuze is kept inoperative initially for about ‘4 
hour by an arming delay clock to provide a safe par- 
iod for burial of the mine, camouflaging, and depart- 
ure of personnel from the area. 

To prevent the fuze from firing an shock from the 
explosion of nearby mines or mine-clearance devices, 
a blast switch is built into the electrical circuit. Wher 
subjected to a downward acceleration uf 1 to 2g, the 
awitch closes and sterilizes the fuze for about 10 
seconds. Figure B.1 shows the T 1217E2 fuze ta 
place on the 1-29 mine, and Figure B.2 shows the 
mine and fuze in place, ready for covering. 


B.3.2 T 1224E1 Fuze. This was a dual-influence 
fuze requiring both a vibration and a magnetic signal 
of proper characteristics as provided by a target 
tank crossing the minc to initiate the detonator. These 
signals could occur simultaneously or in close seq- 
uence, and their characteristics were determined by 
extensive studies on & large number of tanks. As in 
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Figure B.2 T 1217E2 fuze with T-29 mine it place before burtal. 
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the T 1217E2 fuze, arming delay wae accomplished 
by a spring-wound cicck. 

The magnetic sensing element was a moving mag- 
net system, and protection against its closure by 
severe shock excitatiun was provided hy the same 
blast switch as in the T 1217E2 fuze. 

The optimum standoff distance of the mine to the 
target tank determines the burial depth of approxi- 
mately 2 to 5 inches below grade. Figures B.3 and 
B.4 show the mine-fuze combination. Figne B.3 
shows, on the bottom of the mine, the aluminum case 
that houses the electrica! clock described in Section 
B.2. This clock, which was used for field-inatrumen- 
tation purposes, is not a normal part of the mine. 


8.3.3 T 1235 Fuze. This was an experimental 
dual-influence fuze that required both a vibration sig- 
na] and a gamma-ray signal originating from an exter- 
nally buried source and backscattered from the tar- 
get tank. Previous analyzes and tests showed the fuze 
ayetem capable of discriminating between heavy mili- 
tary vehicles, such as tanks, and lighter vebicies, 
such as jeeps and trucks. 

It is difficult to countermeasure this fuze by nor- 
mal methods; however, calculation has shown that a 
nuclear detonation could temporarily neutralize the 
system by blinding it with fallout or induced radioac- 
tivity in either the soll or the scintillation crystal 
used in the fuze detection system. The purpose of 
thia experiment was to verify the supposition that the 
initial gamma radiation from the explosion would 
blind the fuze tefore the arrival of the shock wave 
(and therefore before arrival of the vibration influence) 
and to determine whether the c;stem could be per- 
manently damaged by high gamma and neutron fluxes. 
For this purpose the external gamma source, which 
would normally be buried with the fuze, was not need- 
ea and waa omitted. 

Since the fuze is still in the experimental design 
state, no photographs of the fuze are presented in 
this report. 


B.3.4 Power Supplies. All the fuzes used elec- 
trical detonators and required internal power supplies. 
General Electric TS solid-state batteries were used 
in each fuze in conjunction with Mylar -insulated 
capacitors. 


B4 INSTRUMENTATION 


B.4.1 Explosive Swi.ch. Each of the fuses was 
equipped with a DOFL T-23 explosive switch. The 
electrical function and Inpul characteristice of thia 
device closely matched those of the T~-76 electrical 
detonator and the T-29 mines 

The T-23 switch contained two pairs of contacts, 
one normally open and one normally closed. On 
fuze functioning when the switch ts fired, the open 
contacts close and the closed contacts opan. For 
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this test, the normally open contacts were brought 
out from the buried mine to the surface of the ground 
by means of a shielded cable (Figure 8.4). An ohm- 
meter was used at the time of recovery to determine 
whether functioning had occurred without disturbing 
the fuze. Stimulation of the fuze-sensing elements 
by simulation of the usual influence was performed 
if no functioning had ovcurred during the shot. The 
fuze’s responee to the proper influence was then 
observed on the chmmeter. The normally closed 
pair of contacts were connected so as to stop the 
electrical timing clock (described below) at the time 
the switch fired. 


B.4.2 Timing Clock. This auxiliary timing device 
wae used for the test to enabie personnel to determine 
the time of fuze functioning relative to the time the 
fuze had beeu armed. It was attached beneath the 
fuze as shown in Figure B.3. The opened clock {8 
shown in Figure B.6. Power supplied by a mercury 
battery gave the clock a running time from 7 to 14 
days. Accuracy of the readings was approximately 
16 minutes. 


B.4.3 Charged Capacitors. Included in the 1217E2 
fuzes were esveral charged capacitors of the same 
type used in the fuzes. It was intended to observe 
their voltage decay after recovery and compare this 
with their ordinary decay rate. The desired infor- 
mation was the ability of a nuclear detonation to in- 
crease the decay rate and, thus, temporarily sterilize 
the fuze. It should be noted that, if this were to occur, 
the recharging rate with the very-high-impedance 
solid-state batteries would be low. 


B.4.4 Location of Fuzes. Three areas, each 
about 30 by 33 feet, were utilized near the eastern 
edge of the mine field at mean radial distance of 1,250, 
2,730, and 5,320 feet, respectively, from ground zero. 
These distances were chosen to correspond to esti- 
mated overpressures of 60, 10, and 5 pai. Figure 
B.6 showa the location o. these three areas, and Fig: 
uree B.7, B.8, and B.9 show the distribution of fuzes 
within each of these areas. Of the six T 1217E2 fuzes, 
two were placed tn each area; six of the twelve 
T 122481 fizes were placed in the 1,280-foot area, 
and three each in the othor two aves; the twelve T 1235 
fuzen were evenly distributed, four in each area. The 
T-20 mine case, but not necessarily the explosive con- 
tents, is essential for proper operation of the T 122461 
fuze, since the steel from which the case ja fabricated 
{¢ taken into consideration in adjusting the magnetic 
senaitivity of the fuze. The T 1217E2 and the T 1235 
did not require mine cazes for thair proper perform- 
anze, hewever, since 18 such cases were available 
for the lest, they were used with the T 1224E1 and 
T1217E2 fuzes. 

Mine positions were located and holes to the de- 
sire1 depths were provided by parsonnel of ERDL. 
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Figure B.3 The T 1224E1 fuze with T-29 mine and indicator clock. 


Figure B.4 The T 1224E1 fuze vith T-29 mine in place before burial. 
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Figure B.5 Seven-day electric clock. 
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Figure B.6 Area location from ground zero. 
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Some thought was given to the unique soil conditions 
prevailing in the Frenchman Dry Laxe area. Before 
disturbance, thie aoil has the consistency of adobe 
brick, while the dirt dug from a hole has the texture 
of talcum powder. Water was used to stabilize the 
soll backfilled around and over the mines. Some of 
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at 0640 houre on 24 June, so that u minimum of 3 days 
had elapeed after planting fur the fuzes to stabilize 

in the ambient conditions. Thie period was more 

than aufficient {ur proper operation, even under the 
severe soil conditions. Recovery of all units was 
completed on the morning of 28 June. The same per- 
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Figure B.9 Placement of fuzea at range 5,320 feet. 


the aoj] was inixed with water to make @ mortar, ana 
some wes sveited hy puddiing in the hole. Each unit 
was wrapped in @ square of plastic sheeting before 
burtal to reduce contamination of the units by the soil, 
however, (t was later found that water and mud had 
reached many of the fuzes 


B.5 RESULTS 


Planting of the f +8 was parformed during the 
pertod from 78 to 21 dune Shot Priscilla was Nred 
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sonnel who plented the mines perfor:aed the recovery 
under full radex conditions in about an hour. This 
included the checking of each fuze for functioning and 
sensitivity. Af. the cluse-in rea (1,250 feet to ground 
zero) the radiation intensity was 126 mr/hr at recrv- 
ery time, the middle area had an intensity of 7 mr/hr, 
and the farthesi-out group had less than 1 mr/hr. 
None 7f the fures or mines showed any physical 
dana however, a few of tha tirning-clock cases 
were slight:y dented. Srase stabee protruding about 
3 inches above the ground had ben used as markers. 
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These stukes, which were oy meh mn ita: ter, were 
allan place but bent about “0 degrees [roto tic verte 
In the suddle area, about 2U feet of Lurbed wire 
(: oart of the ortginal mine meld fesee) sas found 


4 al. 
covering one of the fuses 


B.5.1 TI2Z17R4 Fuzes. None of the six units had 
luncuioned. When the hoses were squeesvd at the 
time of recovery to simulate a normal signal, all of 
these fuzes operated Simulate oof the signal in this 
vuse was done manually, since no tanks were svailable 
An examination of the sol covering the hoses indicar- 
ed the results would have been unallered af a tracked 
vehicle had been used 


Bo.f TYRELL Roos. Two of the fuses in the 
close-in area (1,250 fect from Kround zero) functioned 
atthe time of the shot Noune of the remaining ten 
fuzes fired, including four fuzes ot the same distance 
trom ground zercu us the two that did function. AN 
unftred fuzes functioned properly when stimulated by 
vibration and magnetic signals before disarming and 
remosal, 

Blast switches were removed from the two fuces 
that functioned in Shot Priscilla and replaced with 
special protective switches which were sensitive to 
prompt gamma radiation. These two reinstru.nented 
fuzes and two other »omouified fuzes ap controls were 
exnused uuoui 400 feet fram greund zero in Shot Hood 
Nose of these four fuzes were functioned at the bine 
of the shot. Except for one control failure, all funct- 
toned properly on postshot stimulation priv. i. dis- 
arming ond removal. 


Bo T1235 Fuzes. None of the twelve fuzes 

a ee ee ne 
wer. fired by the nuclear detonation, however one 
unit in the aveu closest to ground zero had apparently 
fired at Hoimint 6 25 hours These results were not 
conmdcred conclusive, ince nix of the twelve fuzes 
had freed on vibration signala alone at the time of 
emplacement. Later examination revealed the reason 


for this as being oo increase in the fuze battery valt- 
age attributable to the low relative humidity of the 
Nevada climate Then fault has been corrected by a 
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modification in the power supply and vibration alert- 
ing circuit. 

Because of the neutron-induced gamma activity in 
the scintillation crystal detectors and in fuze compo- 
nents, it was not possible tc fire any of the fuzes at 
recovery time by means ol 8 mulated vibration and 
gamma-ray signals. ‘Co.. cc.airmed pretest calcula- 
tions on the magnitude of the induced activity. 

Although these fuzes were experimental madels, 
constructed without regard to ruggedness, permanent 
damage was almost negligible. After « cooling-off 
period of u few weeks, normal fuze operation was 
restored. 

The present design of the fuze is such that fuzes 
are expecied to recover from the blinding effect of 
neutron-induced Zamna aclivity in 24 to 4% hours 
atler tne fuzes have been exposed to 10’? neutrons/ 


em’, 


b.o4 Cherged Capacitors. Laboratory examin- 
atio revealeo no difference between ihe ordinary and 
postshot decay rates of charged capacitors. 


6.5.5 Gas Diodes. Miniature gas diodes (XDIC, 
XD4C), exposed in several shots, showed promise 
as nuclear desansitizing switches for fuze use. For 
a 20 Kt air-burst device, diodes biased at 95 percent 
of their normal breakdewn voltage can be triggered 
reliably at ranges as great as 1 mile by instantaneoun 
Kamma radiation. 


B.6 CONCLUSIONS AND RECOMMENDATIONS 


So firm conclusions can be drawn from the meager 
data al this point. It appears that outlook for } roof- 
ing of the T 2217K2 and T 1Z24E 1 fuzes against c) ar- 
ing attempts by nuclear detonation is good. Several 
devices under development sLould reduce clearance 
percentage tc low figures. The most important 
need onto establish « larger background of data from 
a betler statistical sample. For this purpose the 
prelbminary data gathered 11 Us opecation will be 
most helpful 
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Appendix ¢ 
GROUND CONTAMINATION PATTERNS PRODUCED 
by E-5 CHEMICAL LAND MINES 


The objective of this test was to determine qualitative- 


ty the grounc contamination pattern produced by E-5 
chemical land mines detonated by a nuclear explosion. 
The &-S chemical land mine is a standard M-15 

mine except that it contains about 10 pounds of 
ebemical-warfare agent and only about 0.7 pound of 
explosive material inatead of » full explosive charge, 
Thus, the E-5 chemicaj land mine is designed so 

as to contain just enough explosive to scatier the lig- 
uld filling and contaminate an area adjacent to the 
mine wher the mine is activated by means of normal 
M-15 mine-fusing techniques. For this particular 
test, a chemical warfare agont simulant, Bis 2-ethyl 
hexylhydrogen phosphite, was used. 

Five E-5 chemical land mines filled with the aim- 
ulant agent were positioned 15 yards apart in « section 
ot a Project $.1 mine field where 8 to 3 psi overpres- 
sure was expected Because this pressure is less 
than that required to guarantee detonation of the M-15. 
the mines were connected to a 2-psi seasitive deton- 
ation system. Points at which «cmples would he taken 
after the test were marked by 2-foo metal stakes 
driven inte the ground so that 4 to 7 inches protruded. 


Following detonation of the mins, samples were taken 
at theese grii pounts by scraping the soli from an area 
6 inches by 6 ‘aches to a depth of about '/, inch and 
collecting this dirt in glass jars. The sampies were 
returned to the Army Chemical Center and ansiyred 
for dyed Bis content, The results are reported as 
milligrams of chemical simulant per square meter 
of area. The sampling grid extended 75 yards down- 
“tad and 70 vards upwind «The «‘stance betenen 
anmpling points was 5 yards in the region near the 
mine and was gr. ullv increased at greater down- 
wind distances. 

Prior to Shot Priscilla, one chemical Jand mine 
8. datonsted ia order to determine (ht contamination 
pattern produce: without influence fram shat comdi- 
tions «In this toast, which was conducted in a amail 
srea adjacem to where five mines were tesied. sam- 
lee of the soi in the area contaminated were collec - 
ted fram grid points at intervals of S yards out to din- 
taxes of 25 yards from the nune This test served 
to supply data for a normal pattern om the terra.. tn 
Freachman fiat 

The ares of contaminstion from the chemical laau 
mines i¢ Shown in Figure C 1. The contaminated 
ares from. tle detonation of 2 singl+ mine 18 also 


shown. It will be notid that only two of the five mines 
were detonated by the blast wave from the shot. While 
collecting sainples afte> the nuclesr detonation, it 

wes observed that the ground in parts of the grid pat- 
terns had been distributed and/or covered by dirt dur- 
tag the period from biast to sample collection. 

The tent of the five mines during Shut Pri >tila 
was not as successful as had been bcped because only 
two of the frve mines were detonated. The pétierus 
of the ground contamination from the two (biast- 
detonated) mines ave disaimiiar to the single mouni- 
tin, this difference also appears in other testa with 
tie etme munition conducted M Army Chemical Center. 
One of the blast-detonated minns bad 34 tices tis 
quantity of agent normaily found on Ut crater Hp and 
eseentialiy no contamiaation an the ground in the vici- 
nity near the crater. 

The differznre between ground contamination pat- 
terns of the eeperate (ests or butweon the two bidet- 
detonated mines may be caused by reanoews other tien 
the method af detonation. These may be. (}\ low- 
ord: buret of the ome diaei-detonetad mine which 
had high crater-lip coatamimation, or (2) loss of 
contamination {rom thr biast-detomated mines cue lo 
the surface being removed, disturbed asd/or corsred 
by blowing dirt during the period from purest to sample 
collection. Thus, it ia difficult to compare the coa- 
tamiration patterns of ihe blast-detoaated mines with 
that from normal detonation of 1; nine. However, the 
data indicat. a difference in the distribution of ground 
contamination with the two diffe rent methods of Jet - 
onation. These tilferesows are ni considered as 
conclusive evidence because of (he limited aurnbe: uf 
testa, the conditions to which thn area was exposed 
before the samples were coliectad, aad the normal 
possibil.lies of low-order drtoraiions. 

Sufficient d.ta were collected to demonstrate cor: 
clusively that. (1) residual tomc comlamination wil 
result when chemical mine ields ure fuactioned by 
nuclear defonations, and (2) that a ditlerence in con- 
tamination pattern can '« expected when the F-5 chem - 
ical land rine 1s detonated ty the blast ‘ran a nuctear 
velonation, over that pattern produced by detonation 
of the mine's pressure -sinsilive fuze. 

i. 18 recommended that terts he conducted to obtain 
acc.tional data concerning the area which might be 
contamiasted if 4 ouciear weapon were used m an to 
detonate <hemial land mines 
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Appendix D 
TEST of BRITISH TYPE MINES for the UNITED KINGDOM 


The objective of this test was to aubject four types 

of British mines, the Mara VII, Mark 5, Light Meta!- 
lic antitank mines, and the Elsie antipersonne] mine 
(Figures 2.16, D.1, D.2, D.3), to the blast from a 
nuclear detonation. It was particularly {mportant to 
Supplement existing British data on the reaction of 
these mines to atomic air blast and to check the cor- 
relation of British and United States records on the 
behavior of these mines. 


D.1 BACKGROUND 


The British have iested the Merk VII antitank mine 
om several cccasions. Thies mine uses a Mark 5 fuze, 
which requres a double impulse -- actuate the mine. 
No mines received both impulses at any of the triais. 

In some of the tests, the first impulec was applied in 
overpressure ranges between 32 and 250 pei. The 
remulte at pressures leas than 32 psi did not obey any 
recognizable pattern. 

The British tests of the Light Metallic antitank 
mine at depchs of cover varying from 2 to 4 inches 
resulted in only about 3 percent firing at overpressuree 
less than or equal to 30 psi. At higher pressures and 
comparable depths of burial, all mines were actuated, 
(These reoults do not agree with quoted Unitad Bates 
Ggures on thie mine). 

Although the design of the apider-type pressure 
plate found om the Mark 5 smtitank mine had aot been 
tented under nuclear biaet loading, it was believed that, 
because of the low resistance of the epider piste, the 
mias would require a greater force fer sctuaticn thar 
mines with a solid pressure plate. 

When subjected to British tests, there was 80 actu- 
sation of the Elsie antipersonse] mines et 30 pai over- 
Preseure and lower, for Mgher preseures, $0 percent 
or age fired At overpressures greater than 25 pei, 
all mines were dislodged from their origi.al placement 
position. 

United Sates Army Engineer Research and Develap- 
meant Labrratories (ERDL), Fort Belvoir, Virginia, 
partormed static actuation tests uo the Light Metallic 
aad Mark 5 eatitamk mines and the Elsie antipersonne) 
sniwe. (Teste were not performed on the Mark VII 
mine, since deta of sintit -actuslion pressures was 
already available from the -rerk of the mine study 
reported in Reference 4) Results of the teeta are 
shown in Table D.1. 


D.2 PROCEDURE 


Because of the limited amount of time to arrange 
for shot participation, and problems of transportation 
of live explosives, all mines were inert-filled. The 
criteria for the method and ranges of placement, as 
well as depth of cover, were the desires and proposals 
of the British authorities. Since no analysis of results 
was required of the United States personnel conducting 
the test, a thorough investigation was not made of the 
reasons for the placement proposals. British sugges- 
tons were adhered to as clogely as possible, 1.¢., 
attempts were made to place mines at pressure rangee 
used in the main project. 

Positions for the British fields are noted in Figure 
2.17 in the main body of the repert. Tabla D.2 shows 
the ranges from ground zero, tne suggested placement 
precsures, the predicced pressure’ for a-cusl place- 
ment, the number of mines placed 1 @ach field, and 
the depth of cover over the mines. The holes for the 
antitank mines were dvg with an esrth auger; the diam- 
eter of the bit war adjusted to fit the needs of the mine. 
Th. holes for the Elsie mines were dug with a pocket 
knife eo that the diameter was the same an that of 
the body of the mine. 

From the resulte of the previous British tests on 
the Elsie mine, it was decided that thoes placed si 
entimated overpressures of 21, 16, and 5 psi would 
mot bs dislodged from thwir holes. Precautions were 
talesn to bold the Elsie’s ia position at the estimated 
overpreseure of 30 pai by a thin wire tied to the body 
of the ming aad fastened to a pipe driven into the 
ground (Figure D. 4). 

The eluie’s were fabricated from twe differeat 
types of plastic, one blact In color and tha other 
white. As equal number of each type were planted 
at exch range. 


D.3 Keluveny 


Test instructions mptcified thet cursory examina- 
tion be made of the fuzes to determine possible actu- 
ation. In additics, i! was requested that obesi vations 
be made to determine (1) exposure or lifting of the 
minen by blast, and (2) externa! damage to the mine 
body by biast or by thermal) radiation. in sdditioa, 
the Elaie’s were aleo examined for diurbance irom 
P Aition and burning of the camouflage covering the 
pressure plate. After this preliminary examination, 
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Figure D.2 Britieh, ligh metallic antitank mine. 
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Figure D.3 British, Elsie, antipersonne! mine. 


Figure D.4 Siedown of Elsie, antipersonnal m. ae. 
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TABLE D.1 RcOSULTS OF STATIC-DEFLECTION TESTS 


Average Static 
Mine Type Actuation Pressure Bere 
A (Average of three samples) 
pai in? 
Light 
Metallic 16.1 28.3 
Mark 5 $3.7 4.0 
Elaie ; 11.1 0.79 = 
TABLE D.2 MINE PLACEMENT 
‘fhe space between mines waa three fvvt. 
Suggested 
Predicted Quantity 
Type Placement Range Cover 
Pressure Pressure Per Range 
pei psi inch 
Mark VII 150 920 160 2 7 
100 1,040 100 2 7 
80 1,250 60 2 7 
Mark 5 150 920 160 0 4 
100 1,04¢ 100 0 7 
60 1,250 60 0 7 
Light 45 1,500 40 2 7 
Metalic 30 1,720 30 2 7 
15 2,290 15 2 7 
Elsie 46 1,720 30 C1) 4 
30 1,990 21 ti) 4 
20 2,200 15 Oy) 4 
10 5,320 5 0 4 
5 


TABLE D.3 OVERPRESSURES 


Range Predicted Overpreseure = Actual Cver;:ressure 


feet pei pat 
920 180 160 to 200 
1,040 100 115 to 140 
1,280 6 76 
1,370 60 60.8 
1,500 ” 43.6 
1,720 w» 28.9 
1,990 21 ».6 
2,280 1s 16 
320. ee ae ae 
a5 
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TASLE D.4 ANTITANK RESULTS 


Mark VII, 930 feet 
Mark VII, 1,040 feet 
Mark VII, 1,250 feet 


Mark 6, 920 feet 
Mark 5, 1,040 fost 
Mark 5, 1,260 feet 


Light Metallio, 3200 feet 
Light Metallic, 1,730 feet 
Light Metallic, 3,390 fet 


° Puse jammed. 

t Pin partially sheared. 
t Run over by vuhicle. 
§ Six tnohes of cover. 
© Fuse not actuated. 

O Fuse actuated. 


Q 


a 9° Q a 
is) o° a Qo 
o Q a ie] 
QO ot Q ° 
° ° ° ° 
° ie) Qo ° 
u Q a] Cc 
ia} o Oo i) 
2] ote of of 


TABLE D.5 ELSIE RESULTF 


White Yes 
Bleck Usknown 
1,900 White Yea 
Black Usknown 
White Usaows 
Black Usknows 
White No 
No 
White No 
Yoo 


6,336 White Yoo 


Black No 

Whim Yeo 

Black Mo 
a i ee 
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is) a 
Q o 
a is) 
Q oO 
° ie) 
1?) 1°) 
° o 
4 i) 
o# os 


Mine found about 400 fee. beck from original position. 
Camouflage arly burned or blown off. Upper front 

portion oi body “wrinkled” by thermal. Charge con- 
tainer slightly burned at froat. Front '4 of body collar 
broken off at point where wire originally attached. 


Only top portion of mine body found. Top portion of 
hey found 440 {eet benk from original position. Charge 
container found $50 feet beck from original position. 
Mine broken in half under body collar. Camouflage 
burned off. 


Camouflage nearly burned off. Front part of body 
“wrinkled.” Top surface of body burned and blackened. 
Charge container alightiy burned at front. 


Mine not found. 


Camouflage burned off. Upper from portiou and top of 
body slightly burned and wrinkled. 


Mine not found. 
Mine not found. 
Mine not found. 


Camouflage nearly burned or blown off. Upper front 
portion of body wriakled. Otharwies, mine in good 
ounlition. 


Camouflage aeariy burned or Licws off Otherwise, 
mins in guod condition. 


Camouflage nearly burned or blows off. Otherwise, 
vwains in gvod coulition. 


Camouflage nearly burned o: Kiowa off. Otherwise, 
mine in gued condition. 


Cameocflage asarty burned of biows off. Top surface 
of vharge ceatainer burned end melted. Top surface 
of body slight! ; metted ir front and back. 


Camouflage burned or thom. off. Otherwise mine le 
qued ecartttika. 


Camouflage burned o¢ blown of. Ouherwise mine ia 
quod coaditica. 


Camouflage burned o: biown off. Otherwiee mine ia 


FE ar o> dR EE ED 


the mines were to be returned to the United Kingdom 
for detailed internal examination and statistical anal- 
ysis. 


D.4 RESULTS AND DISCUSSION 


Results of the postshot investigation of the British 
mines in this project are summarized in Tables D.4 
and D.5. Actual and predicted peak overpressures 
sre compared in Table D.3. 

he combined results of the layout for the United 
Kingdom investigation and the layout for the main 
Project 6.1 fur the Mark VII mine agree well with the 
pretest British data on the mine. The lower limit 
(where insufficient compression for arming or activa- 
tion can be expected) can be estimated from the main 


field data of Project 6.1 to be about 20 pai overpressure. 


It was also observed that, for pressures of 60 psi or 
more, a!l mines will receive the first impulse but no 
mines will be actuated, i.e, none of the mines receive 
the double impulss. 

The spider-plate design for the pressure plute of 
the Mark 5 mine seems to be an effective device for 
withstanding large overpressures as was expected. 

At the closest range of 920 feet from ground zero, 

four out of seven of the mine fuzes functioned, indica- 
ting that their live prototypes would Lave detonated. 

At the 1,040-foot range, where the overpressure was 
at least 115 psi, none of the fuzes functioned. The 
same was true at the 1,250-foot range. Two values 
are therefore available from the test data from which 
the statistical analyst may be able to plot » >: obability- 
of actuation curve for given ov :rpressures. 

Not ag much useful data was obtained for the Light 
Metallic Mire as had been anticipxted. At overpres- 
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sures of 43.6 and 28.9 psi, five of the seven mine 
fuzes functioned. These do not coincide with existing 
British data on the actuation pressures for this mine. 
Caution must be taken in comparing the data taken 
from the mines placed at the ¢,29C-foot range, owing 
to experimental errurs: (1) five of the mines were 
buried with 6 inches of cover, instead of the required 
2 inches; and (2) a vehicle was criven o'er one mine 
before recovery was made. 

The following observations were mace on the Elsie 
antipersonnel mine: 

1. The cloth camouflage covering the pressure 
plate was completely burned or blown off in almost 
all cases. 

2. The body of at least one mine at each range 
studied was severely affected by thermal radiation, 
resulting in wrinkling and charring. In some cases, 
the fuzee for these burned mines did not actuate. 
Suprisingly, the black plastic mines withstood thermal 
effects better than the white mines in every instance. 

3. Six of the mines were thrown out of their holes 
by the drag pressure; two were found, of which one 
had been actuated while the other had been shattered. 
A thorough search of the area disclosed no evidence 
of the remaining four antipersonnel mines. These 
tiines were completely inert (contained no explosives) 
and thersfore the loss would in no way prove danger ~ 
ous to anyone should the mines be uncovered at a 
later time. 

4. Some fuzes were actuated at each range with- 
out following any recognizable pattern for proportion 
actuated. This portion of the atudy was hampered 
by the fact that not all the mines were recovered. 

3, The blast severely cracked the mine casing st 
the higheat range of preneure studies. 
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Appendix E 
SYMPATHETIC DETONATION ANALYSIS 


E.1 PROBABILITIES OF DIFFERENT RANDOM 
PATTERNS IN MINE DETONATION 


The geometric pattern of mine actuation in the 
live minefield may give an indication of whether 
sympathetic detonation was present. Intuitively, if 
each mine that actuated in a live mine field were 
adjacent to another actuated mine, the likelihood of 
sympathetic detonation would be increased. 

Each geometric actuation pattern that was encount- 
ered in the live mine field was either due to a random 
geometric distribution or a nonrandom distribution. 
it was assumed that nonrandom distributions were 
due to the effect of sympathetic detonation. One 
mine detonating could reault in another mine detonat- 
Ing only if the distances between mines were small. 
It was asoumet that the radius of influence for one 
mine to cause detonation of another mins was the 
maximum distance between adjacent miaes, or 21 
feet. Therefore, the detonation of at lenet two adja- 
cent mines was the criterice for the possibility of 
sympathetic detonstica. 

When the probability of the random occurrence of 
the actuation pattern escountered ia each mine field 
is known, one may deterinine tae likelihood of sym- 
pathetic detonation. if the random probebility was 
amal) for the goometric actuation pattern encountered 
im the mine field, then the probability was high that 
eymupathetic dvtonation bad contributed to the number 
of actuations. (This would excludes actuation patterns 
where, by definition, sympathetic detonation was 
impoesinie. ) 

The provebility of random ectaation patterns wap 
determined for 1 to 10 mine. vetonsting reapectively 
(Table £.1). f was required to know the protahiiity 
of « random actuauon pattern cocerriag thet wee af 
vast as favorable to oympathetic detonation as the 
pattern c: ‘he tect. For this reason the probebilities 
are listed in order, with the meet faverebdie potters 
for eympethatic detonation listed liret. With « given 
number of mines actunting, the pattern: meat “iverable 
to sympathecic detonation was the potters with tas 
greatest mumber of arrangements where two sdjacest 
wines ectuted. 

No simple method was found for determination of 
the probability of the raadom ecourrence of & given 
‘eterna. ..1l combinations were esumereted aad 
combinations with a specific patters were divided by 
the total combinations to give the probability of the 


particular pattern occurring. Each specific pattern 
was further broken down to arrive at the total number 
of arrangements under which sympathetic detonation 
could happen. This was to allow ranking in order of 
favorability to syuz2thetic detonation. 

The nomenciature used for the random probability 
will be explained by an example. The expression 
P,(1, 2) means tha probability of three mines actuating 
when two of the mines are adjacent (less than 21 feet 
between mines) and the third mine is separated from 
the other two by at least one mine that did 1.0t detonate. 


E.2 PROBABILITIES OF RANDOM VARIATION OF 
TEST POINTS FROM TRUE CUMULATIVE 
PROBABILITY CURVE 


Each sample (pattern) can be consi‘ered aa com- 
posed of indepanieat triele where the tre probability 
of the mine actuating in a single trial is given by the 
cumulative normal probability distribution. From 
the theory of probability, tae equation for indapendent 
trials ia given by the terme in the binomial expansion. 


a 
faery = Cig pt 
rao 
a! 
Where: ct A ea 
Pp 7 probability that a single mine 
will actuate 


q © probability that a single mine 
will not actunte 


A © Bowtie of tials 
r © sumber of mine sctuations 


chq*" 5” @ probability of exact!) r mines 
sotunting in » triale. 

Since the lixelihnow +/ eympat :stic detonation 
iecreases a4 Um peive.._ct* sales thet actuate 
incranace, it le easy te reak raadem prevebilities in 
ordsr of faverebility t) sympathetic detonation. The 
higher the test percentage, the more favorable are 
conditions for sympathetic datenatian. 

The probability (eet a tet valee from the live 
mine eld would be as great or greater dua to rardom 
ve tation ie gives by the eum of all terme from r 
through a in the binomial expeasion. ‘che value of 
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p to use ie determined from the cumulative probab- in the live mine field, n = 10, the appropriate binomial 
ility curve at the inert mine-field overpressure. It expan*ion is; 
ta assumed that for random variation in the mines the 


10 
Same overprescure would al ly in the live mine- 2 
fleld eared (atpyt = cig pF «1 
. r=0 
As an example, the probability will be computed . 
that a detonation test value of the M/47-{ mine could = qi? + 10q'p + 48q'p? + 120q'p? + 210q%p! 


TABLE E. PROBABILITIES OF RANDOM DETONATION FPATTERNB 


l. Two Mines Detunating VI. Continued 
Py(2} = 14/25 P1{2, 8) = 16/120 
Pi, 1)* = 31/45 Py{l, 2, 4) = 8/120 
Py(2, 2, 3) = 2/120 
i. Three Mines Detonating Px(3, 4 = 30/120 
P,{3) «= 20/120 Py{1, 2, 2, 2) » 0 
Py(1, 2) = 68/120 P,(t, 1, 3, 3} = 0 
Py(1,1,1)* = 32/120 P,(, 1, 2, 2) = 0 
DC, 4, 4, 4) = 0 
I. Four Mines Detonating Py{1, 2, 2,2, 3) «= 0 
Py(4) m= 28/210 Pytt. 1,1, 4,2, 2) « 0 
P41, 3} = 72/210 PHLILLLAI = 0 
P,(2, 2) = 38/210 
P,(1, 1, 2) = 66/210 VU. Eight Mines Detonating 
Pd, i, 4,2) 2 @ P,(8) = $2/45 
P,{3, §) = 2/46 
IV. Five Mines Detonating P,(1, 7) =» 4/48 
Py) = 40/252 Pyl, 4) = 3/68 
P,(1, 4) = 64/262 P,(2, 6) = 4/48 
P,(2, 3} = 4/252 P, (3, 3, 9) = 0 
P,(1, 1, 3) = 38/262 P,{2, 2, 4) » 0 
Py{1, 2, 2) 94/252 Poll, 3.4) = 0 
P,(1,1,1, 3) «= 12/252 P,il, 2, 8) « @ 
Py(,1,1,2,1) = 9 P,(2, 2, 2, 2) e 0 
P,(1, 3, 2,3) a 0 
V. Six Mines Detonating Pef{i, 1, 2, 2, 8) « 0 
PAs) = 87/210 P(i, 1, 3,3) = 0 
Py{2, 4} = 36/210 P,(1, 1,2, 4 = @ 
P,(1, 8) m= 43/210 Poli, i, 1,2, 3) = 0 
Pe(2, 2, 2) = 4/210 Pli, 1,1, 2,2, 2) * 0 
P,fi,1, 4 » 18/210 P,{1, 1, 8) = 0 
P,(i, 8,3) = 24/216 Ppil, 1,1, 8) = 0 
PAs, 3) = 339/830 Paft, 1,1,1, 4) * 0 
Pofi, 1, 2, 2) = 4/810 Peit, 1,1, 2,3, 3) = 0 
Py(t, 2. 3,3) « 0 Pell, 1,2,1,28,1,2) = © 
Lat) oe oe Oe! PALL Bap se 8 
PAL Lit tayp ow 6 
VI. Nias Mines Getenatiag 
Vi. Seven Mines Detenaling PAs) =} 
P,(T) « 68/120 
Pei, 6) = 20/120 1X. Ten Mines Dewasting 
__Peft, 1, §) = &/182 Py{te) = 1 
* Wik this patters, sympathetic dptenstion iu imposstbic. 
have beea as large of larger because of random var- + B6aqip’ + 2ica’p® + 120q°p’ + <éq'p" 
jation. The test point chosen wag the 26.7-fercent + 10qp’ + p® 
sctwation poim at 11-€-psi static overpressure. From 
the cumulative probebtiity curve, the predicted acti- Where: p 90.1 
Gtioa at (Ais presaure is 10 percest. This value ia q208 
assumed to be the true probability, p. tha: a single : 
mine wil} actuate at 11.6 psi. For tua sample sise For the probatility of ame or more random mings 


rT] 
SECRET 


actuating, the terms of the binomtal expansion mus: 
be added ft-2m r= 1 throughr = 10. Therefore, the 
probability is: 


10 
L CPa* tpt « 1-9" 
r=1 


= 1—(0.¢)" = 0.681 


Thie meana that if the probability of a single mine 
ac wating at 11.6 pei ie p = 0.1, then the probability 
of at least ons mine (one or more) actuating in 4 
aample size of 10 ta 0.651. 

The values of p were computed to an accuracy of 
two decimal places which was considered more than 
adequate fer the reliability of the data. 
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Appendix F 
SUMMARY of RAW DATA 


This appendix presents raw data from the mine field pressure plate to the fuze for the UIM from the depth- 
clsarance operation. Data from the inert mine fields of-burial study are given in Table F.1; the same UIM 
ave presented in Figures F.1 through F.13, while the data from the study of the effect of load type upon the 
live mine field data can be found in Figures F.14 mine responses is fovnd in Table F.2. 


through F.26. The meter readings and gaps from the 


Overpressure, par Percent Actuation 
t*] 


Range, Feet 


@= Actiwoted Mine | 


Figere F.1 Reeuits in inert mine field, M-15 


O = tne Location 
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oO g fe) Q — Overpressure, psi 
4) 


Ronge, Fee! 


(o) c= fe) 1720 


Percent Actugton 
20 


©) 
o Q  Overpressure, pst 
33.3 
Range, Feet 
] fo) 1880 
Percent Actuation 
ce] 
oO (@) 
.e) \e) Overprassures, psi 


7.6 


re} Range, Feat 
1990 


Percent Actuation 
9 
(e) 


O*Mine Locotion @* Activated Mine (_] * Py Gage Station 


Figure F 26 Results in {ive mine fields, Mark VIT. 
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TABIE Fi RESULTS GF DEPTH OF BURIAL UIM 


St Qupth or Burisi 
ee ee ee ee eee ee 
Orerpreesary peeting 1 *P neading “F asading OP nenting “meeting “ nenting so Maating 1 
foet bal mile mils mils mils mile mils mils mils mils mls mile mils mils ails 
14% 16 108 Cy ise 10 as 60 168 x 112 g1 16 a2 se e 
asa 76 1s? a? aats 87 48? 42 ft ai 169 « a3 fo 
188 8 187 i] tae 8D 172 oz 173 se 170 « ad a 
188 as r70 73 Q72 “ i164 87 161 id m1 M 62 6s 
173 47 168 «“ ian 17 ” 172 n it¢ 7 +“ ba] 
- - 173 m1 ite a 188 -“ 176 u ite s 63 $3 
1m a“ 133 86 1718 174 6k ith “ 166 “ pod er 
180 11 17s “« 163 aa 10 2 170 “ 1712 82 a’ at | 
173 6T 89 7% 1% 8686 lee oi 147 « 8 a7 bs 
Sr a cr: es, a cS a, a 
Avoreae 149.0 8667.0 1656 €6.2 166.8 87.4 1730 84.0 160.4 56.6 14061 ©6866 62.3 62.6 
1,876 es 74 a 162 fd ag Ot 16? * 162 oo isa " * al 
isa uw 78 6 ee of tee “ 176 % ims « ts] % 
ith fl 1a8 fa 4G? a 164 * 14a “ is6 bd aa a7 
isp id 14 $s 381, 1983 u 193 o 139 a a Ad 
tb7 a - - 185 “ 1“ 8 163 $1 det ” s ) 
172 & 106 Ld 14200 163 re] 147 a ws a a & 
179 Ct) 1m ee J lee oid 165 2 167 19 ww "4 = $T 
- - 168 Fo cf | 161 i 166 “ iss a Hn a3 
itl s 172 Ad i] “ 118 Ci) 18 ES | im a 2a i 
a nc a | 
Average 188.7) 62.40 164.7 BOT 280.9 888 168.2 68-8) 166.7) 87 RB 1 ae 
{ae aus 1" 6 bod a] ise o tes w ist a iat w u Lod 
“ a1 108 tay 18764 16 A 1 a 138 i] a Py 
+P “ 62 iba 6g 162 Lo) 143 ai “ « a0 a 
tad 41 132 ad ey 47 im 4 143 Py L a 2 6 
at “ “ 83 (87 163 Lo) 1s bad iss oe 2% ss 
As Eo a ow 13066 1M $7 128 x im “ as Ly] 
‘3 J 3 MM 138 2 168 A] ive a9 it) Li 33 “ 
47 + 106 we 148 os 187 nn 144 « Lad a =» : 
ar Cl] 133 a SS ee} 133 Ww 192 at ty * a Me 
a2 K w 6 wom i a me me os 
Average oe 689.3 45 862 1803 4 1606 888.8 (1486 «(09.2 18d %. Pt i 
i be a “o “ $3 ] 199 a # » is a2 
4a “ ity 2 ve 0 11e “ bad » tad 4 
A 47 as 43 oe Ot 1tt “ ” a aa at 
oe ” a 63 o 61 “ ea " ta « 
ad Od nn td iw oe 110 oe $3 Fa] ia ae 
1 a ty as tas as 163 “ iid be | it “a 
7” -” a “ anh Cd i] “ oY is “ 
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“4 $7 ” 4 as) 68 16 ) 106 ” 16 a9 
o #« #8 2 fe we ” + 8 
Average $2 837 oo 526 os? we aT se ate ” 4 486 
16 1@6 ta a td u ar rly “ 7 a n 43 
31 * » 4a rn iT « tl 1¢ ” 
"a « » it) ti ar a Ct ne “u as 
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TABLE Filo CONTINUED 


Depth of Burial 
Pek ‘z ___§ pees = wets 12 inches _aeaebe ELE inches 
Range Ux. Um UIM i UM 
. Overprensire Reading Gap Reading & Gap Reading Gap Reading § ae Aexding 4 Bg Rending § Gap Reading § ponte 
feet pai mis mils mils mils mila rails mils mils mils mils mila mils mils mils 
2,290 10.4 42 €0 32 32 44 37 55 53 29 62 22 57 ra 44 
12 47 30 71 43 62 50 a7 27 48 18 43 7 2? 
cL 42 32 49 36 63 40 60 2? 53 9 $8 9 32 
12 43 28 60 35 46 42 45 2. 46 8 49 12 50 
6 59 27 f1 38 66 mM fl 18 50 25 36 16 53 
& eG at 62 33 54 a2 47 26 43 8 55 10 39 
lo 40 ah ay 7 4: 38 40 18 46 wh 48 J 44 
12 438 28 58 a a! a 5G 37 oy 96 56 7 48 
22 41 24 60 Ye 35 iy 57 3o 39 22 38 12 46 
Met 40 43 be AS 44th 80 Bk 81 
Average 9.0f 46.9 31.5 6.1 40.2 52.5 39.9 $1.0 25.4 46.6 17.1 49.3 8.0 42.8 
4,730 a7 6 34 8 78 17 61 25 fT sie: 56 15 54 -4 49 
i.) * 8 a? 1$ 48 a5 $6 : 56 10 48 19 33 
“6 €L 16 55 ac 55 43 €) 44 49 7 53 -1) 42 
+72 25 % 50 11 63 17 67 15 56 6 &8 -7 35 
~éa4 a6 13 62 11 56 7 56 1B 34 0 60 -24 39 
-15 25 11 62 8 53 16 55 42 ha 3 58 ~12 49 
-8 33 16 62 16 59 16 53 14 St -10 5a -30 27 
~14 $1 il $2 16 65 lb 41 15 46 7 4? -4 54 
16 wv 9 64 20 40 15 51 17 48 it 56 6 58 
a a a eS CO CO) i ee 
Average —14.9f 38.0 11.8 68.5 15.3 55.6 17.5 54.7 16.2 50.1 5.7 63.7 -11.7 43.4 
3,26n 8.7 —6 50 4 BF 6 46 11 64 8 50 6 41 19 41 
-18 41 6 40 3 6S 13 43 15 24 € 38 9 47 
72% 48 7 80 2 47 3 62 5 63 4 55 ~Zi 45 
~12 $2 6 61 17 47 18 vu 8 47 a 43 -§ 55 
—-i6 52 8 50 10 83 10 53 11 42 3 47 -19 3 
-11 37 13 58 13 4s 9 65 5 44 5 SA 6 51 
0 67 o 44 15 $5 7 4G 8 60 9 56 4 49 
6 60 2 36 3 67 2 54 4 63 9 50 c 44 
$ 49 i $3 wv 48 2 53 3 40 -2 51 -2 40 
oa Ss a: i a 
Average -7.7 48.3 ad Sig Ba §4.0 1.4 51.3 6.8 48.1 40 49.1 -64 40,3 
5,320 54 22 21 -4 53 12 38 17 46 9 33 -6 Ey et © 42 
a 45 a af 14 av 24 36 i4 56 & §1 16 35 
12 a ; Le de ay ha 39 3 53 2 43 -19 i7 
1 4? 16 7 it 42 20 29 7 46 2 45 -40 17 
1g 39 § 46 4 a4 if 30 u a2 cs 4e sf na 
9 “4 7 3 1§ vu 20 38 10 46 -3 41 -ll 3° 
) 25 16 32 20 34 14 40 2 54 § 49 2d 23 
13 36 3 50 V a9 10 52 9 $2 & 4e  =-~-30 li 
12 37 13 25 45 ab = 26 67 ~2e 56 0 46 12 a7 
2 3 8 88 e487 teh 
Average 8 794 13.8 374 12.6 40.8 79° sS0E 16 469 —21.3 244 


* Experimantz] error, reading not taken. 

+ Averuge on the basia of nine readings 

Malfunction of metc” reading considered invorrect 

4 Minus readings indicate the height of the pin ahove the fuze 
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TABLE F.2 CHANGE FROM A STATIC TO A DYNAMIC PULSE 


an: Renting 


feet 
3,000 


Average 


3,220 


Average 


3,320 


Average 


3440 


Averuge 


3,660 


Average 


+40 


Average 


Average 


i 3 


Average 


4,040 


Average 


Average 


UIt 


mile 


2 
lé 
13 

2 
10 


13.2 


Gap 


mil. 
55 


Range 


feet 
3,040 


3,160 


3,60 


3,480 


3,600 


3,720 


146 


3.940 


4,0e- 


+.200 
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Ui um 
Readicy PNW ing SMP 
mis mails fost mils mils 
as 43 3,080 1B 4 
» $9 13 86 
18 48 a4 64 
a thy 22 60 
uf wot 
18.2 54.6 16.0 $9.4 
18 oo 3,200 17 56 
uv 60 hi 45 
7 62 . 43 
3 54 32 6 
mo st eS 
13.8 84.4 1.4 48.2 
4 ay 3,400 15 60 
as 57 & 38 
> oo is a3 
» 8 74 47 
wo 88 3 OM 
14.6 BB.o 16.4 vb.2 
le 6s 3,820 68 
42 83 12 62 
16 “7 o 61 
6 63 ta ét 
20 8 u By 
13.0 $3.8 12.4 60.0 
3 53 3.80 is 
10 54 21 an 
. 67 fy) 0 
a1 53 7 66 
et was 
18.6 $6.4 18.4 $6.0 
is a4 3,760 13 66 
1 0 21 40 
23 43 ? Cd 
16 42 4 be) 
us & ou 4 
18.2 48 14.8 87.4 
ray 5D 3,40 16 as 
i 76 ig 48 
18 66 az Ga 
it} at) us 59 
Ly LJ us a 
16.0 $9.6 16.6 $1.6 
1A at ain 1? $4 
16 BT 8 56 
t] A | 16 70 
il 4&3 rh) “u 
un no 4s 
1466 72 18.4 83.6 
RS) al 4,120 rT] #0 
33 64 21 57 
a a8 48 “ 
22 a2 ti) 45 
2! nu 8 
26.2 55.0 an6 $4.6 
25 8d 4,740 32 43 
7 “we a1 6. 
20 $3 13 1k 
38 36 18 43 
a2 we te 
38 $bO 14 ¢ $36 
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TABLE F2 CONTINUED 


uM Ub , um 
Range Gap Range Reading Gey = Range Road Gap 
feat mils mile feat mis mils feet mile mile 
4 20 33 87 4.320 34 6s 4.260 m4 a 
a7 61 26 as 20 63 
Fi) 51 uw 6&3 2 % 
26 40 uw os 25 ot 
bow uf a 
Average 23.4 $3.2 "2 68.0 244 58.6 
4,406 a a 440 a“ 62 4,480 33 53 
18 67 x ” au 3% 
Tv a as 8S 32 50 
“ “ 2 a2 2a $3 
x »  » 3» 8 
Average 20.8 53.0 me 61.8 78 8 
4.820 28 43 4.040 21 iad 4,600 a 53 
bd . Ti “a is 83 
at 51 2a Bad 38 $2 
2 a 22 60 20 MM 
2 un #8 ee) 
Average 23.21 GO.BT 32.4 484 234 52.0 
4,640 16 6 4,660 a6 6 4,720 la 86 
is 61 16 ur at 5S 
i 4 20 O65 1 45 
1 a? 20 50 24 $5 
uf 2 & - #& 
Average = 13.4 $7.6 18.8 oa 16.8 53.3 
4,70 a o 4,000 20 0 4,040 ls 86 
23 84 u 6 6 3 
21 as FT a 17 57 
u ay 16 ay is 87 
zn «4 2 UM 
Average = 32.0 452 m0 “0 19t 40.0 
4.5m 123 os 4,020 as $1 4,960 iy “ 
e s 1s eo iW © 
u Bi x a? ac} “ 
5 “ it 33 i} 8 
Mo @ um 88 x # 
Average = =13.6 a6 103 66.6 its 50.3 
§,000 ii st $000 is “ 5,60 w 6s 
20 2) 12 8? 6 ts 
it s® i? 67 4 6i 
10 87 au as ul £0 
if # Bg so s 38 
Average | wt S78 183 87.9 6 58.8 
5,180 su “ 3,166 19 6 6.300 16 34 
1 “4 a £0 13 86 
ae 33 i] $l s 6a 
a 61 rf 82 a uw 
+ 4 x 8 2 8 
Average 16.0 66.3 184 "hia 14. $8.4 
$440 ? 61 $486 1 Oa 
s Ci] e a6 
bg 1 ig “7 
is Me ud 62 
ese Me 
Average 11.2 4a4 4 S44 


uty: erative - reeulte dierardad 
ft Average on beele of four 
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Military Dist-rbutton Categories 34 and 72 


AMMT ACTIV IT LES 


Deputy Chief of Staff for Military Operations, D/A, 
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Chief of Engineera, D/A, Wewbington 25, D.C. ATTS. 
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